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It was more than one million, but more probably two million years 
ago when the implementes of labour started to develop. At the 
very beginning of the development of technology there was a 
roughly shaped stone, then came a flint axe to be followed later 
by such phenomena as fire, bow, cultivation of land, wheel, iron, 
mill, steam engine, electricity, space ship. What are all the items 
comprising this development series, who many inventions mark 
this course of a creative human being? 


Look around, dear reader, at the world which surrounds you. 
Nothing of what you see*— perhaps except for the sky — has 
remained in its original condition, there is not a single thing 
which would not have been transformed, manufactured, built or 
ploughed by man aided by his implements to conform with the 
needs and aspirations of human beings. 

In the hurry of days, however, there is hardly time to pause 
and apprehend the fact that every minor thing, as well as revo- 
lutionary transformations, making our life easier today, had to 
be invented, produced and passed over by someone to us for our 
use some day. 

The authors usually attach their signatures to their books 
and musical compositions, while on the technical works these are 
rarely found. This is perhaps the reason why the technical creatti- 
ve workers remain mostly unknown to us. This is perhaps the 
reason why we are inclined to take the fruits of their efforts 
and sacrifices for granted, never quite bothering to learn about 
the origins of the gifts of technology without the continuous 
assistance of which we would be far from able to survive. 

And yet we are never going to understand the world in 
which we live, the world of machines, engines, instruments, auto- 
mobiles and airplanes, unless, now and then, we look back in the 
past to inquire about the origins of the things that serve us so 
faithfully. 

These were perhaps the reasons for the decision to publish 
a well-arranged manual that would help the broad public to learn 
about the origins, time, authorships and sequence of investions 
that have changed the world, in a quick and easy manner. 

There were no doubts as to the usefulness of the book con- 
taining all the principal dates related to the historical develop- 
ment of technology. The more so, that until recently general edu- 
cation in schools paid only little attention to the history of ma- 
chines. 

However, in the course of the discussions with the specialists 
from the National Museum of Technology, the intention to publish 
a systematic and chronological survey of the world investions and 
leading technological works was met with various objective ob- 
stacles: the history of technology has not been elaborated so far 
to the same extent as some other spheres of social development, 
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either scientifically or professionally; it consists of a whole num- 
ber of different branches which, again, only a whole number of 
specialists can understand; it often happens that some significant 
inventions are associated by different authors with different per- 
sons and even in the professional literature there are considerable 
differences in the dates, sometimes in the order of one thousand 
years, namely in respect of the primeval ages or ancient days; 
some of the substantial transformations of a technical nature 
cannot be always listed under a specific date; the appearance and 
application of some invention is never the result of a short pe- 
riod of time and it is not easy to say which of the long-run stages 
had been most important; the completion of an invention resem- 
bies a relay race: only one person breasts the tape but it requi- 
red a whole team of workers to master their respective fields and 
then to pass the fruits of their efforts over to their successors 
before the last one could reach the end. And who is now to be- 
come the chief author? 

The practical application of many inventions in the past re- 
presented a very slow process, in some cases taking place only 
in certain regions or countries and it often took several epochs 
for the rest of the world to accept or reinvent them. It is true 
that even nowadays there are people on our Planet who are still 
using the implements belonging to the Stone Age. The time of 
origin of some inventions restricted to a certain area is not ne- 
cessarily decisive for the understanding of the general technolo- 
gical progress in the world as a whole. 

These were the obstacles discouraging the authors from 
starting such difficult work. The main problem, however, consisted 
in the fact that the rates of the technological progress in the 
past few generations were becoming much accelerated, influencing 
the whole of our lives. The objective consequence of this fact 
meant a far greater concentration on the leading inventions of the 
very last decades throughout the manual. It is most unfortunate 
that in contradiction to this situation it is the twentieth century 
which, from the point of view of the scientific knowledge of the 
history of technology, remains the least elaborated period; a 
greater majority of even leading multi-volume editions of the his- 
tory of technology end by the year of 1900. 

The technology history writers are still rather hesitant in 
suggesting which of the technological achievements of our time 
will become vital for our further development and who is to be 
actually praised as the original author. Individual inventor re- 
mained unknown as members of numerous anonymous teams. 
But the fact remains, that it is namely the science and the scien- 
tists, who are influencing more and more the modern technolo- 
gical development; the survey of inventions of the last generations 
cannot be quite well separated from the survey of scientific dis- 
coveries. 


Thus the original intention of the publishers to prepare a 
much-needed manual affording a time sequence of the world in- 
ventions, owing to various objective difficulties, ended up in a 
compromise. Here is the publication which is believed to satisiy 
its intended readers, irrespective of its restrictions, which make 
it far from perfect. It will, no doubt, prove useful to all those who 
for various reasons wish to acquire an immediate, though brie. 
information concerning significant technological achievements and 
their authors in the past. It is also believed that this topic will 
be dealt with in more details and in an exhaustive manner in the 
future. This book, however, is not expected to accommodate the 
specialists from the individual branches of technology, seeking 
information on their particular fields, as those people can have 
at their disposal a far more representative choice of data related 
to their respective fields. But even these specialists — as well 
as the general public — may wish to learn about the chronolo- 
gical development of some other spheres, comprising the vast 
empire of technology. 

The scope of the book was restricted beforehand to some 
two thousands entries arranged chronologically, covering signi- 
ficant events in the history of creative technical work. No matter 
how hardly one tries to chose only those items having a greater 
objective significance and relevance, the cases of subjective 
assessment cannot be avoided. The briefness of entries was also 
given beforehand. These, described in just a few lines, should 
enable the user to incorporate the invention in the general line 
of development; they afford a brief characteristic and, in cases 
where it is known, also the name of the inventor, his nationality 
and his other particulars. From the very beginning it was agreed 
to leave out the explanations of the technical aspects of the in- 
ventions, as this would enlarge undesirably the scope of the 
manual. 

Originally the authors were prepared to incorporate in this 
book, which is namely of a historical character only the inven- 
tions and technological events ending by the 1** World War. Res- 
ponding to the wish of the publishers, however, several hundreds 
of entries were added, making the book almost up to date. The 
authors wish to point out that the twentieth century portion does 
not contain a systematic survey of significant data ot all branches 
of technology. This, with respect to the present day research, is 
not quite possible. In this concluding portion of the book the 
attention is concentrated namely on some better known and mcre 
elaborated branches, which the general public is believed to be 
interested in. This in no way means that branches o-her ha 
those are in stagnation. 

At the present time The Mladd fronta Publishing House in 
Prague prepares a similar chronological manual dealing with the 
development of scientific discoveries. Owing to this reason the 
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current book does not include the data related to the progress 
of science, although at many points it would have been interesting 
to confront both these shperes. As for the last century — as it 
has been already said — any accurate definition is totally out of 
the question and some of the entries will be found repeated both 
in the technological and scientific listings. 

The endeavour of the authors was to check the presented 
data in different professional works. Unfortunately this practice 
often revealed that the same events were registered under diffe- 
rent dates and the inventions ascribed to different authors; it can 
therefore happen that the reader will find dates and names diffe- 
rent than those specified in this book. In some cases the reader 
will find the information incomplete (missing nationality, dates 
of birth and death, first names of inventors, etc.). The literature, 
available to the authors, in many cases was similarly incomplete 
and the missing portions could not be established. 

In those cases when some of the particulars of the inventors 
become known additionally, when the manuscript was already in 
print, they can be found in the index 

A serious drawback of a greater majority of the Western 
publications dealing with the history of the world technology is 
their tendency to belittle completely the technical creators of 
Central and Eastern Europe and of many other parts of the world, 
too. The reader is then misled into thinking that hardly any out- 
standing personalities in technology had lived in those countries 
in the past. The current book attempted to correct this error by 
quoting the works of the Soviet authors. Owing to the lack of 
sources it may not have specified with justice the contribution of 
all the spheres towards the general progress in technology. 

For some of the items no accurate dates could be established. 
Thus the reader will find some of the entries denoted by a longer 
period (a thousand or hundred years, half centuries, etc.). Such 
entries are always incorporated at the beginning of the epoch 
concerned; for example, the entry related to the 5'* century B. C. 
will precede all the items dated 499—400 B. C.; similarly the item 
concerning the 16'" century A. D. precedes all the entries 1500— 
1599. 

Considerable problems were also encountered in the spheres 
of terminology and quotation of technical units. In the course of 
history the significance of some of the terms was different to 
what they are supposed to mean in the technical literature today, 
e. g. iron and steel. These, however, are presented in the form 
as they existed at the time of their appearance. Similarly, the 
units, e. g. describing the power of some engines, are given in 
their original form of HP with their conversion in kW put in 
the brackets. It is important to known that the original Horse 
Power did not quite equal the unit of power k used in some 
countries later (1 HP = 1,014 k = 0,746 kW). 


At the end of the book the reader will find cross-reference 
tables reflecting the development of technology, science, culture, 
economic and political history. Attached are also two indexes: 
the first index comprises the subjects, while the other the names 
of the inventors and the technical creators which are referred to in 
those subjects. The list of references presented on page 189 is not 
and cannot be by far exhaustive; it includes only some of the ge- 
neral works which are commonly found in any large library. 

The ways how to use the manual are many. The authors, 
however, do not believe that it will be read continuously as a 
whole. Various items will be looked up only when the need arises. 
Thanks to its chronological arrangement it is not only possible 
to get the picture of the particular invention but of the whole 
background of the technical activities and the context conditioning 
the first. It also affords the possibility of learning quickly about 
the development of a certain period, certain century, which is 
often needed. These are the reasons why the current arrangement 
of the book was given preference as against a subject-arranged 
dictionary, not enabling its reader to get an idea of a broad 
background of the wanted period. 

Should the reader be interested in learning about some spe- 
cific subject, be it a machine, engine or any other invention, not 
knowing in advance the time of its origin, all he has to do is to 
look up the subject in question in the subject index with due 
reference to its respective place in the chronological sequence. 
Should his interest concern the development of the whole branch, 
the subject index will be of equal help because, apart from the 
individual times, it includes general entries, too. The name index 
of the inventors and technicians can be referred to any time one 
wishes to learn quickly about some leading personality in tech- 
nology. The indexes also enable the readers to find more remote 
consequences of the facts they are interested in. There are, for 
instance, many items describing the development of automobiles; 
naturally, it was not possible for each of them to include all the 
references concerning the previous and the following develop- 
ments. All the wanted items can be easily found in the index. 
It is recommendable, at least in cases which are more important, 
to refer to the index to see if any additional information is 
available; it is rather unlikely that everything is said at one par- 
ticular place under a single date. Some data are repeated in 
more than one entry. This is true namely when it comes to the 
dates of birth and death of the inventors, sparing the reader the 
pains of looking up and reverting to the bit where these parti- 
culars were given for the first time. 

The comparison tables of the development of technology and 
other spheres of social progress make the confrontation of the 
emergence of the leading inventions and their time of origin 
possible. It will certainly be interesting to find in the table what 
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were the social, economic and political events taking place con- 
currently with the inventions of a locomotive or a steamship, the 
regularities discovered by the scholars of the same period and, 
at last but not least, the works of literaure and music written in 
the same time. The thing is that years often mean less than the 
fact that the first presentation of a locomotive took place during 
the life of Napoleon, Goethe, Beethoven an the dying Kant. 


The authors wish to thank the scholars from the department 
of the history of natural science and technology of the Institute 
of the Czechoslovak and World History of the Czechoslovak Aca- 
demy of Science dr. LuboS Novy, CSc., and dr. Jaroslav Folt, CSc., 
who not only read the manuscript but offered additions and 
emendations for its improvement. At the same time the authors 
wish to appologize to them for not having been able to incor- 
porate some of their emendations, especially the suggestion that 
more room be allocated to the technology of recent times. 

The authors are equally indebted to ing. Karel Pacner for 
his additions to the entries related to the technology of rockets 
and astronautics and at the same time they wish to acknowledge 
with thanks the contribution of dr. Miroslav Buchvaldek to the 
portion of the primeval ages. 


Never before was a chronological manual covering the 
world inventions published in this country. It is only natural 
that any such first attempt is bound to have many drawbacks. 
But the existence of the book will be fully justified if it proves 
its usefulness in serving the readers and if some time in the 
future the need to repeat the experiment in a more sophisticated 
way arises. 


The section starting from the early ages to the year 1900 
was elaborated by dr. FrantiSek Jilek, CSc., and dr. Jaroslava 
Jilkové. 


The portion from 1900 to 1975 was elaborated by dr. Josef 
Kuba, CSc. 


2,5 million — 1,5 million years B. C. —- the evolution of man begins 
through work. The hands which are no longer needed for walking 
are now free to use various objects found in the nature as imple- 
ments. Some animals also use similar objects as implements. The 
man, however, differs from all other beings by the fact that he 
does not content himself with mere finding of natural objects 
to be used as implements, but starts to use his own hands to 
make them himself. Together with the evolution of human brain 
and sight this constituted the main prerequisite for the emergence 
of human work and the progress of technology 
In no way technology and human culture are the resuit of some 
primitive implement made by accidence, since the first starts to 
develop only after the deliberate rough-working of material by 
tools manufactured in a larger scale in conformity with certain 
socially acquired customs. This calls for a good knowledge of 
the material, storing of the past experience and the idea of the 
object to be made, as well as its preservation in the future. All 
this has a definite bearing on the evolution of human brain 
— it was the australopithecantropes who were probably the first 
to start with deliberate rough-working of timber and other ma- 
terials 
— the oldest stone implements, which were made on purpose in 
conformity with certain deep-rooted practices, were found in the 
habitations of other hominides; these were already made by a 
member of the human kind, Homo habilis 
— hunted game, apart from food afforded also hides, bones, teeth 
or horns of which various implements could be made. The bones 
were used without any subsequent working, broken or asundered 
in smaller pieces 

2,5 million — 600 thousand years B. C. — one of the prerequisites of 
work and the manufacture of standardized implements was the 
existence and progress of primary speech. The research con- 
ducted in this respect so far does not even dare to suggest when 
it started to develop. It seems, that a genuine ability to speak 
was acquired only by the people of the contemporary kind, Homo 
sapiens, some 40,000 years ago 
— throughout this enormously long era until the beginning of 
the agricultural cultivation of land, food was procured in two 
ways, by picking and hunting. Women and children were picking 
fruits, seeds, roots, insects, eggs, molluscs and catching different 
kinds of smaller animals, while men hunted larger animals, fish 
and some birds. The implements were needed especially for 
hunting purposes. The division of labour between men and women 
was the first division of labour in the history of mankind. Apart 
from the development of implements, the progress in the division 
of labour represents one of the most important conditions of ci- 
vilized progress 
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— the beginning of the period of implements made of stone, 
flint stone, pebbles and hornstone, etc. Using the chipping tech- 
nique several chippings were knocked off from a cobble and 
what was left was a stone chopper. In this technique one hand 
holds the worked stone and the other the chopper (cobble), which 
is striking. Knocked off are chippings with driving cones. The 
axes and the chippings were mostly used for scratching and con- 
stituted the basic material outfit of the oldest people in all po- 
pulated corners of the world. In some parts this technique was 
used for almost two million years, until the end of the Stone Age. 
The modesty of their technical-equipment in the struggle for life 
was balanced by their conscious collective work which was made 
possible by the use of speech. An important role was also played 
by conscious social relations and their courage in fighting much 
stronger animals 


600 thousand — 150 thousand years B. C. — the most important in- 
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vention of this time, beyond any doubt, became a new versatile 
tool — a flint axe. This was made either by the knocking tech- 
nique — the stone was stricken against a hard piece used as an 
anvil, or by the chipping technique. Used in the latter technique 
was usually a softer piece, e. g. a bone. By working the part or 
the whole of its surface the flint axe was made, having a sharp 


edge along the greater part of its periphery and a shape enabling 
a firm hand grip 


— apart from these rather versatile implements appearing are 
piercing narrow heads, sharp scratching tools and wide axes. 
These were obtained by knocking off several chippings. The 
chipping industry, however, expanded more only after the be- 
ginning of the middle palaeolithic period (100 thousand — 40 
thousand years B. C.) 


— in the habitations of the pithecanthropes {Homo erectus), for 
example, in the rock caves in Tchou-kchou-tien near Peking, 
apart from stone implements also found were traces of fire. The 
use of fire represents one of the most important milestones in 
the evolution of man. Tamed fire enabled a considerable enlarge- 
ment of the potential living space for man, added to the variety 
of food and its preparation, offering at the same time new ways 
of defence and remained, until today, the basis of numerous 
branches constituting the contemporary technical civilization. In 
these early days the people were able to get their fire only from 
accidental fires breaking out in nature; it was then preserved 
in guarded eternal fireplaces. Any accurate determination of the 


beginning of man’s control of fire for the time being remains 
impossible | 


— appear very long spears with burnt heads which are very hard. 
The hunters, who actually made them, were also using flint axes 


in slaughtering elephants, hippopotamuses, bisons, zebras, gi- 
raffes, wild boars, gazelles, horses, stags, donkeys, babbons and 
other animals. 


150 thousand — 40 thousand B. C. — the neanderthal and the prime- 
val people — and very probably already some of their pre- 
decessors —- mastered in the middle palaeolithic period the art 
of kindling fire. The dating of this outstanding invention which 
determined the following course of history, {s rather uncertain. 
At the beginning, to get fire people would rub two pieces of wood 
one against the other, but a striking method became known soon 
after. Much later than that a bow drill was used 
— the manufacture of implements concentrates namely on the 
method of obtaining the chippings from stone cores. The cores 
were specially treated for this purpose. In this way it was 
possible to obtain very sharp wedges. The flint core was first 
worked by the chipping technique to get the desired shape from 
which a leaf wedge, smooth on one side and worked on the other 
was forced off 
— also made are axes from stone cores, pierce heads, drills and 
thin tools resembling knives 
— animals are cought in artificial trap-pits; this, however, calls 
for a higher organization of the people digging traps and beater- 
ing animals 
— used as dwellings are mostly dug-outs and tent-like construc- 
tions in the open air and in the caves and also caves as such; 
the living space expands to the north, e. g. to Siberia. This, among 
other things, was made possible by taming of fire. The climatic 
conditions change too, as glacial periods give way to warmer 
weather 
— the inhabitation of colder areas presupposes a larger-scale 
making of clothing from hides of cought animals. Many imple- 
ments were made of bones and horns as early as in the late 
Stone Age. In their working the primevals learned some new 
techniques. The objects of horns were made by chipping, cross- 
cutting, grating, engraving, longitudinal splitting and even drill- 
ing, using a simple reciprocal technique. 


40 thousand — 10 thcusand years B. C. — this period marks the com- 
pletion of the evolution of the Homo kind to the man as we 
know him today. The findings of the remnants of Homo sapiens 
sapiens are accompanied by the occurence of the developing 
technique of the early palaeolithic pericd. Human dwellings are 
now found practically in all parts of the world. This was possible 
due to the unspecialized biological properties of man, but what 
is more important, due to the improvement of his skills and 
techniques, making his adaptation to a variety of climatic condi- 
tions possible 
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— stone blades that were chopped off by a striker from the core 
were often worked additionally by retouching techniques, i. e. 
the removal of undesired edges and surfaces. Thin edges were 
retouched by the pressure of a special tool made either of bone, 
timber or stone. These retouching tools were the first implements 
ever used in making other tools or instruments in history 


— various anvil-like stones were used as supports in retouching 


— versatile flint axes and spear heads are replaced by special- 
purpose implements. These are made by splitting of smaller cores 
with specially dressed striking surfaces into narrow parallel bla- 
des. The blades were then used as semi-finished products for va- 
rious other implements 


— knives, axes, chisels, saws, drills, scrapers, graters, graves, 
and many others are made of stone 


— begin to appear implements, which are built up from several 
components, wooden, bone or horn handles and flint blades 


— with the improved tools it is possible to enlarge the produc- 
tion of wooden, bone and horn objects and implements, as, for 
example, awls, needles with eyes, fishing hooks, harpoons, horn 
hoes, etc. 


— man starts to use an improved drill which is provided with 
a handle and rotated between the palms 


— used as dwellings are caves or spaces under overhung rocks, 
in flat regions people continue to build dug-outs covered by bar, 
branch or hide structures secured by mammoth’s bones or tusks. 
For the first time appear huts with low clay walls and branch 
roofs resting on supporting poles 


— liquid food is warmed up and boiled in stone cavities that are 
filled with heated stones. According to some researchers different 
ways of cooking are believed to mark the beginning of chemical 
technology 


— clothing is made of hides, at this stage probably better pro- 
cessed, which is held fogether by sinews or leather thongs 


— leather processing called for more sophisticated ways of pre- 
serving and tannig. New chemical methods are gaining ground, 
as soaking in salt baths, rubbing-in of oil, bark solution treatment. 
etc. 


— man begins to domesticate dogs to serve him in hunting and, 
in some cases, to help him to stay warm 


— for transport people build primitive sledges. To the end of 
this period some raw-materials are delivered to distant places, 
e. g. the Armenian obsidian, some 300 to 400 kms to the south. 
This black vitrious structure was used as raw-material for cutt- 
ing and piercing tools 


— the first boats for fishing are hewed from a single trunk; used 
for the same purpose are probably also rafts. Both fish-hooks 
and harpoons are used in fishing, and it is likely that hauling 
nests were used as well 

— interweaving of brushwood above huts and weaving of wickers 
in basket making, forms the basis for the technique of weaving 
— the origins of pottery according to some researchers can be 
derived from wicker baskets that were lined with clay and then 
fired. Both pottery and ceramics had an important role to play 
later in the development of metallurgy 

— clay statues burned in fire represent the first isolated attempts 
of ceramic production which, however, soon ceased to exist 

— the life in caves necessitated the emergence of the lighting 
technique. The oldest lighting fixtures were glow kindlers, tor- 
ches and primitive oil lamps. The caves of the early palaeolithic 
period revealed small dishes either of sandstone or granite, that 
were probably used as lamps 

— apart from the utility objects made for the first time are 
various trimming decorations: spheres and teeth with bores, car- 
ved bones and horns; appearing also are the first cult objects - sta- 
tues of women and animals; the caves in certain areas reveal pri- 
mitive sculptures, drawings and often even magnificent paintings. 
Remarkable is the production of dyes which lasted for dozens of 
thousands of years 

— in the advanced stage of the early palaeolithic period man 
starts to use a new fighting and hunting weapon — a spear 
thrower. Here for the first time a lever is employed. It multiplies 
the throwing force substantially 

— a top invention of the end of this period is a baw with a 
string; it was used as a long-distance weapon for thousands of 
years until the modern age. Some experts date the original appe- 
arance of the bow back to approximately 12 thousand years B. C., 
but the findings of spear heads seem to be much older. The bow 
meant better prospects for successful hunting and some scholars 
are inclined to believe that its wide use contributed to the extin- 
ction of some animals, as a result of which the hunters had to 
look for some new ways of subsistence, e. g. cultivation of land 
— in the period which followed the bow was Used as a bow drill 
or a fiddie drill; the string was wound around the handle and 
the bow was moved to and fro, impairing tt a fast rotation. The 
same instrument was also used for fire kindling 

— to the end of the early palaeolithic period the first mines 
for underground extraction of raw-materials, namely flint stone, 
horny matter and later on even limestone, of which triming deco- 
rations were made, were founded. This period also marks the 
transition from open cast mining to pit, shaft and gangway 
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digging. This is the beginning of mining. Raw-materials were 
extracted by primitive forms of longwall mining and a room and 
pillar method 


12 thousand — 10 thousand years B. C. — at the end of the glacial 


period groups of hunters began to spezialize in specific kinds of 
animals, as reindeer, gazelles, fallow-deer and goast. Their herds 
and flocks found in the hunters’ neighbourhood became a living 
reserve, a stock of meat. In the following period this close rela- 
tionship led to their captivity with subsequent domestication; 
sheep and goats were the first cases. The conditions favourable 
for cattle herding come gradually into existence 

— also spreading is regular harvest of wild cereals, oats and 
single-grain wheat (triticum monococcum}, particularly in the 


-countries of Asia Minor, in the area of the so called Fruitful 


Crescent spreading from Levanta across eastern Anatolia to nor- 
thern Iraq and western Iran 

— wild cereals are mowed by the first sickles fitted with stone 
blades. Grains are crushed in special crushers and mortars. Also 
appear hand stone friction mills 


10 thousand — 8 thousand years B. C. — this is the beginning of the 
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neothermal period with the climatic conditions rather near to 
the existing ones. Glaciers vanish completely. These new clima- 
tic conditions are not suited for the life of animal hunters, but 
in certain parts of the world (at the foot of rocky regions of Asia 
‘Minor but also in the southern part of Northern America and 
elsewhere) they prove to be favourable for the emergence of agri- 
culture 


years B. C. — a temple is built in Jericho, Palestine, mostly of 
timber and clay; it is 6,5 meters long and over 3 meters wide 


9 thousand — 7 thousand years B. C. — certain favourable regions, 
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namely in Asia Minor give rise to agriculture, marking the be- 
ginning of a new epoch. Unproductive possessive system could 
feed only a very limited number of people. Since the beginning 
of the systematic cultivation of land man conquers nature, which 
now yields an adequate subsistence for an ever greater number 
of people and, in the long run, ensures a surplus of food for 
other activities, making the emergence and development of civi- 
lizations feasible. This period is often referred to as the agri- 
cultural or the agrarian revolution but the fact remains that it 
lasted several thousands of years 

— thanks to agriculture it is now possible to store for a relati- 
vely long period of time enough of grain which wiil not spoil. 
It also marks the beginning of a settled way of life, founding of 
new permanent settlemets, homes. This makes the organization 
of the economic life with subsequent specialization and further 
division of labour possible 


— single-grain wheat (triticum monococcum) is first grown in 
south-east Turkey, two-grain wheat (triticum dicoccum) in the 
valley of the upper Jordan, two-ranked oats (ordenum distichum) 
probably at the same time in Levanta and norther Iraq and wes- 
tern Iran. Soon after are grown lentils in Palestine, later on also 
spelt, peas, etc. 

— the fields were originally cultivated by spikes, spade-like im- 
plements, however, were known already before the existence of 
agriculture 

— gradually improving are various harvesting implements, mow 
blades, sickles, jointless flails, hand mills with supporting stones 
and crushers 

— together with agriculture also develops animal husbandry — 
domestication of goats, sheep, cattle, pork, etc. From unproductive 
hunting man graudally swisches to productive breeding. The herds 
ensure enough of meat and other products; the drawing force of 
domesticated animals is employed by man both in agriculture 
and transport. Domesticated animals can carry 40 times more 
than their wild counterparts. Scme historicians, however, are 
inclined to believe that animal husbandry came before agricul- 
ture. Both these activities are closely interlinked. The domesti- 
cation of cattle seems to have originated among the northern 
Syrian and the Anatolian semi-nomandes 

— this period also marks the beginning to the production of 
built-up implements, mainly of microlitic blades having different 
shapes; these blades, which are made of flint stone, obsidian and 
other minerals are provided with wooden, bone or horn handles. 
Made in this way are various knives, sickle-type implements, 
arrows with cross edges, carperter’s axes, hammers, hoes and 
many other implements. These implements were used not only 
by early peasants, but also by a majority of hunters of that time, 
who passed to the cultivation of land thousands of years later 
— flint knives, saws and pointed tips were secured in handles 
by bitumen asphalt) 

— peasants settle down more and more and start building larger 
dwellings. These are mostly built of brushwood smeared with 
clay, elsewhere walls are erected in layers of compacted wet 
clay. For the first time appear even dried bricks and stone con- 
structions. 10 thousand or 9 thousand years B. C. the population 
of some villages in Asia Minor accounted to as much as 200 
people. Clay fire places and grain stores are found inside the 
huts. Mats are made too. Wall lime plasters appear later 


8 thousand years B. C. — the first town with fortifications for some 
3000 inhabitants with round houses of unburnt bricks is built in 
Jericho. The whole fortification was surrounded by a stone wail 
with huge towers also built of stone, which during their recent 
discovery, were still 8 meters wide and 8 meters long. The fortt- 
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fication walls were 4,25 meters high with blocks 2X3 meters, 
weighing several tons. Similar large fortifications were erected 
in the same period and later 

— trade with raw-materials is conducted at considerable distan- 
ces. Obsidian from Anatolia is delivered to places more than 
1000 kilometers away, measured by air line. According to some 
opinions it was the trade with obsidian which helped Jericho to 
expand so much 

— for the first time appear products of applied ceramics, clay 
objects and other similar containers are fired in specia] ceramic 
or potter’s kilns 


6 thousand years B. C. — the oldest agricultural civilizations 
invented new ways of working their stone implements. Spreading 
is the grinding industry, the tools are now mostly made by 
cutting, griding and polishing. These techniques characterize the 
neolithic period, also called the early Stone Age 

— produced are different tools for wood working, as chopping 
axes, adzes and others which are fixed in wooden handles 

— these implements are cut by teethless stone saws by the help 
of sand, special grinding stones are used for grinding and some 
products are even ground inside special grinding blocks pro- 
vided with the wanted shape. Hollew drills (hollow bones, elder- 
-berry twigs], reamers are used in drilling in the presence of 
sand grains. These products are of a top quality, which in many 
respects could successfully compete with the results achieved 
by modern metal tools nowadays 


7 thousand years B. C. — this period marks the first sporadic 
appearance of trimming objects, which are cold-beaten in natural 
copper, or even some implements made of copper, but their pro- 
duction at this stage did not represent any competition to the 
traditional production of stone implements 


7 thousand years B. C. — a town in Catal Htiyiik in Anatolia is built 
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in accordance with a unified plan, rectangular houses are 
attached one to another; the houses are entered through the 
roofs by the help of ladders. These houses were up to 10 meters 
long and 6 meters wide. Inside the town there were many tem- 
ples with rich decorations 


— in Anatolia are found remnants of fabrics proving the existen- 
ce of spinning of natural fibres woven on looms or weaving 
boards. Their designs bear a striking resemblance with those 
found on the Turkish carpets even today 


— originaly, yearn was spun by a spindle and a distaff; at a later 
stage the spindle was coupled with a whirl, acting as a flywheel; 
it helped to maitain its rotation and consequetnly to twist the 
fibres. The fabric was woven on rather primitive looms, either 
vertical or horizontal 


— woven fabrics and mats are dyed by natural dyes, e. g. staining 
dye 

— further division of labour takes place in the most progressive 
regions of Asia Minor; a smaller group of the population is no 
longer engaged in the direct production of foodstuffs and begins 
to specialize in several handicrafts: production of implements 
and applied objects. This division of labour between agriculture 
and handicrafts begins to acquire an epochal significance for 
further development of technology and production, for the foun- 
dation of towns and early state formations 


6 thousand years B. S. —7 thousand years B. C. copper and 
probably also lead are, for the first time, smelted from the res- 
pective ores in Anatolia. The rests of slag which were found indi- 
cate that the melting temperature must have exceeded 1000 °C. 
The experts believe that copper was melted from malachite, 
using lignite as fuel. In the millenium which followed the dis- 
covery of copper metallurgy spread also in the developing urban 
civilizations of the Near East. The art of obtaining wanted metal 
by the reduction of ore represents another important milestone 
in the history of mankind. In the metallurgical process the me- 
tal acquires new properties which are different to those of the 
original row material. The first accidental reduction of cooper 
ores probably took place in the ovens for firing of ceramic ob- 
jects. At a later stage begins a more exacting processing of 
sulphide ores and raw cooper is obtained by repeated roasting 
and reduction of sulphide mixtures. Copper, due to rare occuren- 
ce of its ores, for a long time to come, could not by far drive 
out stone as the main raw material for the production of imple- 
ments, because it could not quite well compete with its common 
availability. The situation was changed only later by the disco- 
very of iron 


6 thousand years B. C. — polished obsidian plates are used as mirrors; 


the first cosmetics come into existence 


5 thousand years B. C. — agriculture begins to spread from the 
higher altitudes of the Iranian platform, Anatolia and Levanta to 
the valleys of large rivers, of which Euphrates and Tigris in 
Mesopotamia were the first, but later on also along the Nile and 
Indus, where the land is fertilized during floods by deposits of 
mud. As time goes on, man starts to irrigate his fields artificially. 
The yields in agriculture become substantially higher as a result 
of which early civilizations emerge 


— the land which was originally cultivated by simple spikes and 
hoes is now tilled by a hook, consisting of a horizontal shank 
provided with the said hoook. It is likely that primitive ploughs 
became known first in Mesopotamia 
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— the first agricultural settlements are founded on the territory 
of Bohemia {Bylany at Kutna Hora, Mohelnice at Zabfeh, burial 
place at Nitra, etc.) 

— further improving in the Near East is the metallurgy of copper 
ores. Copper is still forged, but soon after it is also cast in 
moulds, giving rise to the production of castings and foundry- 
man’s skills. The latter acquires a great importance later in the 
Bronz Age and in the Modern Age in the metallurgy of iron 
— less time is now needed to produce various implements and 
weapons due to new casting techniques 
— copper ores are mined and delivered to remote places as 
valuable raw-material. Fire is used in minig; the rock is heated 
up and then quenched to crack 
— some products are made even of silver, lead and gold 


§ thousand years B. C. — larger plots for agriculture are gained in 


Central Europe by fire-clearing (burning out). Grown are wheat, 
oats, millet, peas, flax. Animal husbandry expands too. The 
dwellings of farmers are up to 30 meters long; they provide 
accommodation for man, storing of foodstuffs and a shelter for 
cattle 

— in pottery develops a rotary potter’s wheel which is turned 
by hand; specialized artisans work as potters. This was probably 
the first example of a large-scale production in history 


— transport by river and probably also by sea starts to develop. 
Apart from row boats built in Mesopotamia are even sailing 
vessels. The use of a sail represents another important milestone 
in the history of technology, apart from other reasons also be- 
cause the force of nature is for the first time used for propul- 
sion 


5 — 4 thousand years B. C. — the valleys of large rivers (Euphrates, 


Tigris, The Nile) witness the first cases of large-scale organiza- 
tion of labour in the construction of huge irrigation works. The 
methods of land survey are made use of in all these projects 
together with the respective instruments (levelling staffs, plum- 
mets, water levelling, star-oriented topography). Built are net- 
works of channels into which waiter is raised by primitive devices 
with buckets and pulleys called shadoofs 

— relatively large tewns with temples come into existence; spe- 
cialized artisans are employed by the temples and clergy. Deve- 
loping are both arts and the fundaments of science 


4 thousand years B. C. — Uruk-Varca [biblical Erech) in southern Me- 
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sopotamia becames one of the most important cities. Built in its 
centre was the largest temple of this period, which was 75 me- 
ters long and 29 meters high; its ground plan was 2000 m?. 
Attached to the temple were numerous workshops with firing 
and melting ovens and weaving shops 


— appear the first signs of ancient picture writing (Egyptian 
hieroglyphs) and numerals. Their use was mainly restricted to 
economic purposes, as keeping of records of the material taxes 
remitted to the temple clergy 


— man begins to use a wheel and the first wheeled carts, pro- 
bably first in Sumer (some sources quote also India). The dating 
is very uncertain (in Europe it became known in 3" millenium). 
The wheel is believed to have gradually developed from logs that 
were placed under heavier pieces. It became, no doubt, one of 
‘the fundamental inventions of mankind to be used in various 
alternative designs probably by all technical branches in the 
periods to come 


— the use of wheeled carts soon calls for the construction of 
animal harnessing. With this harness, however, the utilization of 
the drawing force of animals is rather inadequate, as it mostly 
consists of a single rope tied to the horns. Nonetheless, the use 
of the drawing force of animals marked another important mi- 
lestone in the history of technology; until 19" century in substan- 
tially influences both the surface transport and the agricultural 
production 
— begins the domestication of horses (at this stage not used 
for drawing yet) 
— the emergence of towns, copper metallurgy and the promo- 
tion of handicrafts call for the expansion of transport, which 
now can make use of carts, row boats and sailing vessels. Raw 
materials, namely copper are delivered to distant places (dry 
land trade is carried out by caravans). This is accompaniel by 
further division of labour; the exchange of goods is taken care 
of by specialized merchants and forwarding agents, the latter, 
as a rule, being subordinated to the first 
— the architecture in Mesopotamia and Egypt begins to use 
vaultwork, which, to the end of the early Stone Age, became 
independently known in other countries, too 
— the oldest iron products, iron pearl necklaces and others, date 
back to this period. The composition of iron shows that it was 
of purely meteoritic origin 
— copper ores are extracted in the Balkans 
— the Egyptian graves dating back to some 3500 years B. C. 
reveal glass pearls as a proof of a primitive production of glass. 
For a long period to come the glass industry could produce only 
pearls, later on also different bundles of stakes. Glass was poured 
in moulds only in late Egypt 
— Egypt begins to use papyrus not only for writing but also for 
the production of mats and dresses 

around 3000 years B. C. — tongs, at this time in the form of large for- 
ceps, appear in forges 
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— man invents bellows to blow air in the oven during the re- 
duction of copper ores and thus to attain higher temperatures. 
These replaced the original primitive air-blowers 


— in tool making copper is gradually replaced by bronze. This alloy 
of copper and tin proves to be a better material for harder tools 
and implements which last longer. Even bronze castings are of 
a superior quality. Both wire and sheet metal is made of bronze. 


3 thousand years B. C. — various bronze objects are for the first time 
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produced as investment castings. In this method first are made 
wax cores, which are coated by clay and then fired; the wax 
melts out and the clay shell is then used as a mould 


— gold-beating and the production of jewels begin to flourish 
in Egypt. Thin foils, beaten down to the thickness of one thou- 
sandth of a millimeter were found 


— many objects originating in the Bronze Age were preserved 
until our days; all of them were turned on special lathes. Most 
probably the turned piece was rotated by a string of a bow, in 
a way similar to bow drilling. Since that time until today the 
lathe remained the most important working tool. According to 
some researchers, however, the lathe came into existence only 
after the year 1000 B. C. and all the products originating eralier 
were worked by highly skilled carving 


— latch locks with up to 8 latches are used in Mesopotamia 


— the pyramids in Egypt are built in the period between 2700 
and 1680 years B. C. The largest of them was 147 meters high, 
with one side of its square base measuring 231 meters. The 
whole pyramid was built from 2,300,000 stone blocks, having the 
average weight of two and half tons and in some cases up to 
15 tons. According to Herodotus it took 100000 people and 20 
years to build it. At that time the Egyptians allegedly did not 
use wheeled carts; the stone blocks were moved from the quarry 
to the banks of the river Nile, where they were loaded onto 
boats and from here shifted on inclined platforms towards their 
final destination. In spite of the primitive conditions the whole 
construction was highly accurate; for instance, the maximum 
deviation of its base from the horizontal line was only 1,27 cms 


— advanced civilizations of 3 millenium start building city 
sewage systems for waste disposal 


-— used are sundials. Known at this time is also a waterglass, 
a device for measuring intervals of time by means of a definite 
quantity of water passing through a small vessel orifice 


— the technical progress of the early civilizations culminates 
at the beginning of 3 millenium. Excellent results are achieved 
in handicrafts. Even nowadays in our daily life we seem to be 
surrounded by various tools and implements that acquired their 
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traditional shape at that time, e. g. stools, tables, chairs, vessels, 
fabrics, bricks, plasters, axes, adzes, cramps, chisels, knives, 
saws, needles, razor blades, drills, files, plywood, strainers, grin- 
ders, balances, ropes, sheet metal pipes and many others (many 
of these objects, though in a more primitive form, became known 
much earlier). A certain creative stagnation begins after the 
year of 2500 B. C. 


years B. C. — man starts to use horses for drawing. They are 
‘harnessed in the same way as cattle — in a yoke, to which a 
strap around the horse’s neck is added. In this way only a small 
portion of the horse power can be utilized 


years B. C. — known from the old Babylonian period are maps, 
engraved in clay tablets 
years B. C. — China builds a relatively large system of roads, in 


addition to the existing transport water ways 

— carts are for the first time provided with spoke wheels 

— Centra] Europe begins to produce bronz 

— the first larger mining centers are founded in Europe; from 
here metal is distributed either in the form of talents or ribs 
(Transylvania, probably also Slovakia and the Alps) 


years B. C, — lever press is used in Créte before 1500 years B. C. 


— bronz is now much cheaper to produce; apart from weapons 
and some tools, made of bronz are also sickles, hoes and others. 
In the bronz metallurgy copper and tin are melted separately to 
control their alloy ratio 


— begins the production of iron by means of reduction of iron 
ores in low furnaces, which are fired by charcoal. Forgeable iron 
in a dough-like form results from its direct production in fur- 
naces at the temperature of approx. 1400 °C. This iron had to sepa- 
rated from slag and then reforged. The whole production was 
probably first mastered by the mountain tribes in Armenia, which 
were subordinated to the Hittite rulers. According to some sour- 
ces iron was smelted from ores earlier by the Chinese. Its pro- 
duction, however, starts to spread only after the year of 1000 
B. C. — The metallurgy of iren represented an exacting process 
which only skilled specialists could control. This method soon 
began to influence the whole progress of civilization. The surface 
of the Earth is rather rich in iron ores. Man eventually disco- 
vers a cheap metal which in the subsequent millenium predomi- 
nates both the agricultural and the artisan productions, driving 
out stone implements completely 


years B. C. — the Egyptians master the art of the production of 
parchment, which for a long period to come, remained the best 
material for writing 
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— the Egyptians begin to use lever scales for weighing; as 
a weighing instrument it became widely used later by the old 
Romans 


1100 years B. C. — the Phoenicians devise the first alphabetical script, 
which was taken over by the Greek merchants later, This alpha- 


bet, being very simple, generally promoted the knowledge of 
writing 


1000 years B. C. — begins the production of wooden pipes, which had 
an important role to play in the coming periods in water pumping 
techniques, development of plunger pumps and piston machines 


— used for the first time is a wooden shovel provided with a 
sheet metal edge. Iron pickaxes begin to appear not very much 
later 


— for dyeing the Egyptians begin to use indigo; until the mo- 
dern age it remains an important dyeing agent 


1000 — 700 years B. C. — iron spreads from Asia Minor to southern 
Italy, the Balkans, southern Romania and gradually also to Cen- 
tral Europe. Thanks to iron axes it is now possible to clear-fell 
the forrests on the continent of Europe and thus to create con- 
ditions of the origins of agriculture in Europe 


9" century B. C. — a bas-relief in Niniveh pictures a rung ladder. 
Ladders became an important aid not only in architerture, but 
mainly in mining, penetrating in ever greater depths 


8'> century B. C. — the Babylonians pave the first road by blocks of 
limestone. The gaps were filled with asphalt 


— a pulley is believed to have been used much earlier, but its 
first picture can be seen in an Assyrian bas-relief from 8'* 
century B. C. 


— the oldest known bronz bell; it was discovered among the 
excavated objects in Nineveh 


around 700 years B. C. — the first tunnels over 5000 meters long were 
driven in the rocks of Nineveh and Jerusalem. These were used 
as sewers 


— metai bars, the oldest metallic means of payment, are gradually 
replaced by coins, which were first cast and then minted (ori- 
ginating probably in China and Egypt). The coins, as the medium 
of payment, remains in use until the modern age 


7" century B. C. — some sources quote the Greek named GLAUCOS from 
the island of Chios as the inventor of welding. There are reasons 


to believe, that the technology of welding became known earlier 
than that 
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— a planconvex ground crystal lens becomes known in this cen- 
tury (found during the excaventions in Nineveh). The discovery 
of lenses contributes to the development of optics, the invention 
of telescopes, microscope, etc. 

— the first reports on the original wooden and stone long brid- 
ges date back to this period. The bridge across the river 
Euphrates in Babylon was allegedly over 300 meters long 


around 600 years B. C. — water is raised by a bucket wheel with its 
buckets for water drawing and raising situated on the periphery. 
This was the machine which made a large-scale irrigation of fields 
possible and, what more, probably played an important role in 
the invention of a water wheel much later 
— cereal grains are crushed by rotary mills. For the time being 
the upper stone is rotated by hand. As far as the future deve- 
lopment is concerned, the significance of this implement consists 
in the fact, that the original manual force is going to be replaced 
for the first time by animal force and even later by the energy of 
water 
— THALES OF MILETUS, the Greek philosopher (625—545], alle- 
gedly found out for the first time that amber, when rubbed by 
a piece of cloth, can attract certain light objects; in this way he 
discovered the first electric phenomena. According to Aristotle, 
Thales was also the first to find out, that certain kinds of iron 
ore can attract iron dust and small pieces of iron. Some sources 
believe that magnetism became known in China much earlier, 
about 2000 years B. C. 
— the tower of Babylon is built; its base was a square, the side 
of which was 90 meters long. Its length was 90 meters, too. At 
the very top stood a temple which alone was 15 meters high 


6" century B. C. — a vast system of roads is built in the Persian Em- 
pire. The road from Susa to Sardis was 2500 kms long 
— Cyrus, the king of Persia founded a regular postal service on 
the main roads of the Empire with horse-relay stations. Later on 
this pattern was adopted by the Roman Empire and even later, 
starting from 16° century A. D. it contributed to the general 
development of posts 
— ANAXIMANDROS, the Greek philosopher (around 610—546) 
allegedly invented a quadrant, which later on became indispen- 
sible in the development of astronomy 


530 years B. C. — EUPALINOS, the Greek architect built on the Samu 
island a tunnel through the rock for water supply which was 
over 1000 meters long. It was namely the Romans, who became 
famous for their water supplies that were built much later 


520 years B. C. — the oldest map of the Earth surface, as it had been 
known at that time, was drawn by HECATAIOS of Miletus in 
Greece (560/550—485) ; 
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500 years B. C. — Dareios, the Persian king, completed the canal 


between the Red Sea and the Mediterranean Sea. According to 
some reports the construction of this canal began even before 
the year 1200 B. C. This canal, which was completed by Dareios, 
remained in use for several centuries; it had to be renovated 
for a couple of times and since 9'" century A. D. it was aban- 
doned and forgotten. In was replaced only in 19'" cenury by the 
Suez canal. Another important canal of this period was the “Ca- 
nal of the Kings”, connecting Euphrates and Tigris; it was 400 
kms: long 


5" century B. C. — blacksmiths begin to use jointed tongs 


— the first reports on the processing of cotton; cotton, for sure, 
became known much earlier 

— inventions of scissors used for cutting of sheep and frabrics, 
or even hair and beards 

— carpenters begin to use frame saws with iron blades 

— there are reasons to believe that the production of iron is 
mastered also in Bohemia 

— gear trains and gear transmissions are brought into existence. 
This invention is sometimes ascribed to ARCHIMEDES (287—212} 
or even to HERO (1° century B. C.). The gear trains became one 
of the vital components of many machines in the periods which 
followed 

— silver in Greece is extracted from mines up to 120 meters deep. 
Over 1000 slaves were brought here to do this job 

— the first handicraft workshops with a large number of slaves 
are founded in Greece to begin what one could call a collective 
production 

— the first torsion cross bow is designed in Syracuse. Cross 
bows with elastic bow sections were used in the ancient times, 
too 

— in Greece messages are delivered to long distances by a 
torchlight telegraph. Optical telegraphs remained in use until the 
first half of 19" century 


around the year of 450 B. C. — the Greeks begin to use pulley hoists 


for lifting of heavy pieces 

— animals are harnessed to a beam which is attached to the 
upper stone of a stonemill. A similar equipment is employed to 
crush ores in metallurgy and olives in the production of oil. In 
the following periods these mechanisms could have led to the 
invention of a horse capstan 


around 400 years B. C. — ARCHYTAS of Tarentum is believed to have 
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invented a screw; since that time the screw became one of the 
technological features incorporated in various designs 


— some objects feature a kind of a surface treatment, resembling 
enamel 


git century B. C. — China starts to produce cast iron; a variety of 
cast-iron tocls comes into existence. The Europeans, employing 
different technologies, started to produce cast iron only after 
the year of 1400 A. D. 
— the beginning of the construction of the Great Chinese Wall, 
which was 6000 kms long, 6,5 meters high with its towers spaced 
at 120 meters from each other 
— the Greek warriors begin to use sophisticated mechanism for 
throwing of stones 
— differences in altitudes are ascertained in Greece by diopters; 
also used are spirit water levels and mason’s levels 


around 330 years B. C. — DIADES of Greece is said to have used roller 
bearing for the first time. Their wide application, however, does 
not start until 18t* century 
— the pseudoaristotelian paper “The Mechanical Problems” des- 
cribes a windlass pump; for many milleniums to come this pump 
was used for raising water 
— the literature originating in Greece brings the first descrip- 
' tion of a pulley block 


312 years B. C. — the road from Rome to southern Italy, known as the 
Via Appia is being built 
3’ century B. C. — a Chinese manuscript mentions the use of a com- 


pass; in Europe it became known a whole millenium later 

— ARCHIMEDES of Syracuse (287—212 B. C.} is said to have in- 
vented the Archimedean screw, which was used for raising of 
water. Archimedes allegedly came across it first in Egypt. In the 
modern age the Archimedean screw led to the invention of pro- 
pellers and airscrews. Archimedes also contributed to the design 
of pulley blocks and throwing mechanisms for war purposes 

— KTESIBIOS, the mathematician and inventor from Alexandria 
invented a pressure pump, designed a twin-barrel pressure squirt, 
water organ, pneumatic gun and other technical playthings 


300 — 280 years B. C. — during the reign of the first two Ptolemies 
the highest lighthouse of all times is built on the island of Faru 
near Alexandria. According to Flavius it measured 180 meters in 
height and the light of its fire was visible in places up to 57 kms 
away 
— during the reign of the first Ptolemies the Egyptians are said 
to have built a ship with 3000 rowers. The crew consisted of 
2000 soldiers 


280 years B. C. — this year marks the foundation of the Alexandrian 
Museion (the Temple of Muses), where apart from leading 
scientists, also lived a number of outstanding ancient technicians 
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and inventors, KTESIBIOS, FILON of Byzantium, HERO OF ALE- 
XANDRIA, and others (the date particulars of these personalities 
differ a lot, between 3™ and 1* centuries B. C., or even later) 


around 200 years B. C. — APOLLONIOS of Perga in Greece (around 


262 — around 190) invented the astrolabe, an instrument for 
measuring of angles in a vertical plane 


2.4 century B. C. — cloth printing begins to spread in Egypt. A similar 
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technique is at the same time used in India 


— manufactured are metallic mirrors made of polished bronz. 
Glass mirrors with black reverse sides are produced in the follow- 
ing century 

— FILON of Byzantium in Greece tackles in his books the pro- 
blems concerning various war machines and pneumatic and hy- 
draulic equipments. He also designs various treadle mechanisms, 
as treadle wheels which were widely used for the propulsion in 
the centuries that followed. Filon already knows the Cardan 
(gimbal) suspension for holding an object in a vertical or ho- 
rizontal balanced position 

— bucket wheels are not only driven by man, but also by animals 
harnessed to primitive horse-capstans. The movement is trans- 
mitted to the wheel axis by means of a gear train 

— in wine and oil making lever presses are replaced by spindle 
presses 

— a harness for horses is substantially improved in China. The 
drawing force is now taken off the animal’s chest instead of its 
neck and is utilized more effectively. The yoke is also replaced 
by a shaft. This method became known in Europe only to the 
end of the following millenium 

— building of long water supplies; water in the pipes, apparently 
made of bronz, is under a considerable pressure, as it is mostly 
conducted from higher levels to valleys. Drilling of artesian wells 
— heavy ploughs, which not only burrow soil but even turn it 
up, come into existence. The plough of this kind later spreads 
also in Europe, constituting the basis for its future agricultural 
development 

— the first water wheels are believed to have been designed in 
Illyria (western part of the Balkan peninsula). In the following 
century they begin to appear even in Asia Minor (their descrip- 
tion comes from the Roman architect named Vitruvius). These 
wheels, however, did not spread much in this period but had to 
wait until the days of feudalism to become an universal motor, 
which, as the main source of power, is surpassed only during 
the industrial revolution by a steam engine. The original water 
wheels were horizontal, but as early as in 1*' century B. C., they 
are also mounted vertically in the way as they were used in the 
following centuries 


1“ century B. C. — joiners start using planes 

— HERO OF ALEXANDRIA reflected in his books all the branches 
of applied mechanics; from him comes the description of various 
pumps, throwing war machines, cranes with treadle wheels, me- 
chanical pneumatic playthings, distance meter with a gear trans- 
mission, a kind of a theodolite, and others. Important were his 
descriptions of a primitive steam reaction turbine (called aeoli- 
pile} and of a wind mill. Hero considered these machines to be 
mere playthings. One millenium later wind mills became a genuine 
source of power and steam turbines became the main source of 
propulsion two thousand years later 

— some of the Greek technicians begin to use cams to convert 
rotary motion in rectiJinear reverse motion. In conventional 
designs the cam appears only in the Middle Ages 


— in architecture the Romans use concrete. This is said to be 
the only more significant Roman contribution towards the pro- 
gress in technology. In the times that followed, howewer, concrete 
fell into obscurity to be rediscovered some two thousand years 
later 
— the Romans are taking over technology from the Greeks and other 
peoples. Owing to their new organizational patterns they succeed- 
ed in augmenting some productions to a large extent. Thus, for 
example, almost 60,000 slaves were digging gold in the Roman 
mines in Spain. Their yields were up to 7 tons of gold a year. 
The overall length of all the roads that were built by the Ro- 
mans accounted to 150,000 kms. Some of their water supplies 
were up to 132 kms long. In existence were also filtration sta- 
tions, built were new supended aqueducts. Some of the houses 
were centrally heated by hot air. In Rome, here and there, appear 
glazed windows 
— the Celts learned to master many new techniques, e. g. in the 
production of iron, various handicrafts, etc.: to get steel the Celts 
carbonized smaller quantities of puddle iron; metallurgical work- 
shops with numerous reduction furnaces come into existence. In 
agriculture in Bohemia (latenian period) for the first time soil 
is tilled by a plough with auxiliary wheels and a small symme- 
trical share. The Celts are also said to have invented the first 
reaping machine drawn by cattle 
-— glass is blown in Syria 

25 years B. C. — MARCUS VITRUVIUS POLLIO, the Roman architect 
and engineer, published 100 books “De architectura”’, summe- 


rizing the classical experience not only in architecture, but also 
in a number of different branches of technology 


1“ century A. D. — heavy pieces are handled by cranes with pulley 
blocks driven by treadle wheels 
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— throughout the whole first millenium of our era the Chinese 
technology was superior to that of Europe. Thus, for example, 
the Chinese canal architects began to use single-gate locks al- 
ready at the turn of A. D. In the same period the Chinese de- 
signed a clock driven by a water wheel. The first known chain 
bridge was built in the year of 67 A. D. In material handling the 
Chinese devised a minor, but very important thing — wheel- 
barrow —, which Europe got to know in the following mille- 
nium. TCHANG CHENG, the Chinese astronomer, constructed a 
celestial globe and invented a seismograph 


after the year of 69 — the Colosseum, a circular open air theatre for 
more than 50,000 spectators is built in Rome 


beginning of 2" century — APOLLODOROS of Damascus, Trajan’s ar- 
chitect built a stone bridge across the Danube near the Iron Gate 


2" century — wax candles are used for lighting. Tallow candles be- 
came known several centuries earlier among the Phoenicians 
—  GALENOS, the Greek physician for the first time mentions in 
his books soap; apparently it was used much earlier 
— alchemy begins to spread in Alexandria; appear first alchymist 
essays 
— the Chinese improve the loom; thanks to its new provisions 
it is now possible to weave intricate patterns. The Chinese were 
also the first to use treadles for driving the harness. In Europe 
these improvements became known only in the Middle Ages 


105 — The Chinese invent the production of paper, apparently made 
of silk and flax rags. Hemp paper became known propably even 
earlier than that. China also became the country of origin of 
silk 

3 century — starting from 3 century horse harness is constantly 
improving in China; in the course of several centuries it gradually 
acquired today’s form. The tests show that a horse harnessed to 
a horse collar can draw five times more load than a horse with 
an ancient yoke 


— large poles of forgeable iron were forged in India 


247 — TCHENG KUO, the Chinese architect, built a canal between the 
rivers Tiang-che and Lao-che, which was 120 kms long. Their 
waters could irrigate almost 200,000 hectars of land 


4" century — ZOSIMOS of Panopole wrote in Alexandria “The Che- 
meutics” in 28 volumes, dedicated to alchemy. Only 24'" volume 
was preserved 


370 — man-of-war with a paddle-wheel propulsion is designed in late 
Rome. The wheels were to be driven by cattle trough a train of 
gears. Apparently this design never became a reality 
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4» — 5'n century — The Indians find out that condensed sugar cane 
juice will produce crystals of sugar. In the course of the following 
centuries growing and processing of sugar cane spreaded to 
Persia and China and then the Arabs introduced it in Spain and 
during the crusades in Sicily and southern Italy 


5% —. 6th century — China invents a new printing technique known as 
the wood print. The words, or, as the case may be, the pictures 
are engraved in wood plates. This represents the first important 
step towards the letterpress technique 


6'" century — China begins to produce primitive porcelain, at first re- 
sembling stoneware but in 8'* and 9‘ centuries its quality impro- 
ves a lot. The news concerning this production was brought to 
Europe much later by Marco Polo (1254—1323} 

— the Arabs improve the water clock; apart from the trans- 
missions, dials and scales the clock is now equipped even with 
a special mechanism, which would set various characters in mo- 
tion every hour. This is the beginning of water horologues 

— gold is obtained from ores by amalgamation (by mercury) 


6 — 7 century — the first temple bells of smaller dimensions are 
cast 
6" — 12'* century — starting from 6" century the European agricul- 


ture discovers a more progressive type of a plough equipped with 
a spur, share and a rake. It is also provided with wheels. Thanks 
to this plough tilling of land became easier and more effective 


7" century — wind mills are more frequently used for grinding of grain 
in China and Persia. These mills, although known to the Romans, 
never became widely used here 


7h —. 13 century — starting from 7“ century and in the periods that 
followed, agriculture in Bohemia switches from the fallow farming 
to the fallow system. It is also in this period when symmetrical 
shares begin to give way to new ones, which are no longer sym- 
metrical and have a plough-like shape 


624 — ISIDOR OF SEVILLE first mentions beer which is prepared of 
hops. Beer was first brewed in Caucasia and in Finland. In Bo- 
hemia the art of beer brewing became known only in 11'* century 


678 — KALLINIKOS of Greece is noted for using the Greek fire (also 
known as the liquid fire) in a sea battle against the Arabs at 
Cyzicus. This was an inflammable matter consisting of pitch, 
sulphur, karosene and unslaked lime 

8'* century — large smelting shops with up to 24 reduction furnaces 
for direct production of iron are built in Bohemia. The produc- 
tion of steel objects becomes known, too 
— the Chinese ship-builders invent a rudder of today’s type; it 
was located at the ship’s back as a continuation of its keel. The 
steering of classical vessels was effected only by side rows with 
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hardly any efficiency. The rudder together with a deep kcel 
became one of the important elements, which in the periods to 
come, made the travel by sea more effective, especially with the 
sails against wind; in Europe it became known much later 


9'" century — The Arabs improve the distillation process and even suc- 


ceed in distilling alcohol; for a long time it is used only in me- 
dicine. Starting from 13" and 14 century its production begins 
to spread also in Europe. According to some other sources, alco- 
hol is believed to have been produced in southern Italy in 11" 
century 5 

— begins the production of iron wire, which is pulled through 
a drawing die. In contrast to its previous forging this method 
represented a considerable progress 

— the metallurgy of iron of the Slavs is characterized by the 
attempts to produce various valuable implements by welding of 
softer iron parts to harder ones, which were made of steel. Made 
in this way are namely knives with steel cutting edges, blades and 
scythes. In addition to that the finished products are surface 
treated by quenching and tempering. The blacksmiths of this time 
make as much as 90 different types of tools and implements 


— the excavations at Staré Mésto in Moravia, a former settlement 
of the Great Moravian Empire, recently revealed parts of a struc- 
ture, which some specialists believe to be the remnants of a wind 
mill from 9‘ century. Others, however, deny it 

— the first drawing of a crankshaft appears in the jail of Utrecht. 
Its use in various mechanisms began in 13'" and 14'" century, but 


it started to play its important role only in the period of machine 
building 


gt* — 16' century — the Chinese water architects begin to build two- 


gate river locks 


g — 12'> century — modern collar harness begins to spread in Europe 


(several centuries later than in China). It opens new prospects for 
trasportation and in agriculture it is used namely for plough- 
tilling. Only now the horse can beat drawing cattle. At about this 
time horses’ hoofs are provided with horseshoes. According to 
some literature the horsehoes were already known to the Celts 


g'' — 13" century — water mills begin to spread in Europe; their prin- 
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ciple, however, was invented in ancient times, but since it was 
easier to employ cheap slave work these mills never became wi- 
dely used. It was only the lack of labour in the feudal era which 
led to the discovery of natural resources of power, consisting na- 
mely in a wider use of water and wind. At the beginning water 
mills are used mainly for grinding of grain, later on also for other 
purposes in numerous branches of production. The motion is trans- 


First Stone Age tools 
and the oldest hand ax 


Methods of working tools in younger Palaeolithic 


Bow drill as-developed for the first time in Mesolithic 


iy Ps 


Greek oil press according to an Attica vase 


[> 


A blacksmith according to Velislav’s Bible, about 1414 


Greek vessel according to a vase from Vulca 


A potter, according to the Codex of Balthasar Behem, early 15th cent. 


Coopers, according to the Codex of Balthasar Behem, early 15th cent. 


mitted from one shaft to another by means of cog gearing; not 
much later, rotary motion is converted to rectilinear reverse mo- 
tion by cams 


10" century — THEOPHILUS PRESBYTER describes, among other things 
the manufacture of giass, glass furnaces and glass-making tools, 
production of sheet glass, coloured glass, vessels, bottles, etc. 


— various mechanism begin to incorporate flywheels in the form 
of a wheel 


10" — 13'" century — wind mills are built in Europe. Same mills were 
used in Persia and China already in 7 century. In 10'" century 
the Arabs introduce the idea in Spain; other countries began to 
use them mainly in 12" and 13" centuries. Apart from the water 
wheels, in countries with favourable winds, these mills became 
another significant motor of the feudal era 


— hops growing and beer brewing begin to spread in Bohemia 


11,, century — in Germany fabrics are printed by means of printing 
stamps, made either of clay or bronz. Used as a dye was soot 
ground with oil or colour clays 


— the Chinese printers begin to use interchangeable stoneware 
characters. Interchangeable characters became a decisive element 
in the invention of letterpress. Stoneware, however, was not. suited 
for this purpose. Interchangeable characters are sald to have been 
invented by PI SHENG in about 1040 


— the Arab scientist IBN-AL-HAITHAM called ALHAZEN wrote a 
fundamental book of the medieval optics, which appeared in Euro- 
pe under the title “Opticae Thesaurus”. It describes the lens as 
a spherical cap. Lenses, however, were in use much earlier 


— Alhazen also mentions a dark chamber (camera obscura), 
which in the later period became the starting point for photo- 
graphy and film making 


— the beginnings of bee-keeping in Bohemia and Moravia. Until 
14" century bee-honey was the only sweetener and the main 
raw-material for the producticn of an old spirit called mead in 
these countries. Wax was used for lighting 


— the miniatures of this period show for the first time forks for 
picking of meat while eating. For a long time to come forks did 
not became popular 

— water mills in some areas are driven by the rise and fall of 
the sea 

-- water wheels are used as a means of propulsion in water re- 
pumping for irrigation purposes 

— apart from ploughs used in the cultivation of land are also 
harrows 
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1082 — the first beer brewers turn up in Prague. The division of la- 
bour follows soon after and besides beer brewers also appear 
specialized malt makers 


11% — 12> century — water wheel propulsion penetrates also the pro- 
duction of iron, where the wheels are used to operate air bellows; 
apparently at this time water wheels are also driving large ham- 
mers in forges. In the course of time the furnaces are built hig- 
her and higher as a result of the existence of water energy, which 
fact, later on, leads to the blast-furnace method of pig iron pro- 
duction 


— the Chinese sailors learn to direct or ascertain the course of 
their ships at sea by a compass, which was substantially improved 
in China in the first millenium 


— through the Arabs south-west Europe becomes acquainted with 
the production of paper, which slowly begins to replace parch- 
ment. Paper press is in use since 11'* century; originally it de- 
veloped from a wine-press 

— the Roman architecture begins to spread; it gradually solves 
the problem of closing the church’s top by a cupola with a cross- 
vault. Built are stone castles as massive tower structures and 
new early-feudal towns 


11" — 13" century — water wheels are also used in cloth fulling. 
Friction rams, replacing the original hand- or foot-fulling, are 
lifted by cams, situated on the wheel shaft. The production rate 
of a water fulling machine was almost 10 times higher than that 
of a foot-operated fulling machine 


— the first agrarian revolution takes place in Europe. In agri- 
culture are used higher quality iron implements, land is tilled by 
an iron plough with wheels and an asymmetrical share, a new 
harness enables to employ horse teams for tilling; farmers begin 
to switch over to a three-crop system of land cultivation (spring 
crop, winter crop — mainly rye — and a fallow). Some legumens 
begin to be grown 


11% — 14 century — home handicraft production gradually develops 
into guild production in towns. The master of the guild and his 
journeymen are still making the whole product, but a significant 
division of labour takes place at the same time, as a result of 
which the handicraft products achieve a supreme quality. In the 
following centuries the guild production ceases to be progressive, 
but its significence is maintained until the emergence of factory 
production 


11° — 15° century — a horizontal loom with a treadle, whose weaving 
productivity is about four times higher than that of a primitive 
vertical loom, begins to spread in Europe 
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12'" century — during the crusades a damask Joom for weaving of in- 
tricate patters is brought in Europe 
— used in spinning is a spinning wheel, which was apparently 
invented in India and brought in Europe during the crusades wars. 
The spindle of a spinning wheel is driven by the rotation of a 
large wheel by means of a string travelling inside a groove. The 
weaving rate became about four times higher 
— the compass becomes known also in Europe. Owing to its 
differences it is rather unlikely that it was directly transferred 
from China; it seems to have been developed on the territory of 
Europe independently, perhaps inspired only by the news coming 
from the Orient 
— the first reports on knitting of some parts of dresses come 
from Germany 
— gun powder is said to have been used for military purposes 
(blasting) for the first time in China. Several centuries earlier it 
was used only for fireworks and rockets. The significence of gun 
powder, both in the positive and negative sense, was tremendous 
for further progress of history — in warfare, progressing science, 
discovery voyages, metallurgy, later also in mining and many 
other branches 
— the Venetian metallurgical mills begin to apply a new method 
of separation of silver from leaded ores, called segregation; it 
had an important role to play in the future boom of mining of 
silver, which was mainly used in the mints 
— the first woodprints begin to appear also in Europe 


after 1125 — the first preserved written document confirms the exis- 
tence of a water mill at Onétice in Bohemia 


1158 — the first stone bridge is built in Prague; it carried Judith’s 
name 


end of 12'" century — in Bohemia and Moravia begins the colonization 
of forests, imprinting a new character to these lands and substan- 
tially enlarging their agricultural areas 


12'" and 13'> century — new towns are founded in Bohemia and Mo- 
ravia; their lay-out plan is worked out in advance, featuring four- 
-angle squares and right-angle streets. The ground plan of the 
houses is almost typified 
— apart from water wheels and wind mills used for propulsion 
purposes are also much improved horse capstans; with a new 
horse harness their efficiency is much higher 


12'» — 15'" century — starting from the second half of 12'" century the 
Gothic style of architecture develops in France, but soon starts 
to spread in England and in the following centuries in Germany, 
Italy, Spain and even later in Bohemia and Moravia. The Gothic 
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cathedrals are considered to be the top of the medieval techno- 
logy. These are spacious, unusually high and extremely light 
skeleton structures, whose most important part is their ribbed 
vaulting. The spire of the cathedral in Strasbourg was 142 me- 
ters high 


— in Italy, besides the guild production, develops the concept of 
manufactures, mainly in textile industries. These manufactures 
first introduce a simple cooperation leading in the following sta- 
ges to a detailed division of labour among those participating in 
the process of production whose organization is unified and being 
such, although done mostly by hand, the productivity rises enor- 
mously. In Europe, with the exception of Italy, the manufactures 
begin to develop from the beginning of 16'? century 


13 century — ROGER BACON (1214—1294), the English scientist and 
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the Franciscan friar, foretells new designs of ships and vehicles 
with their own drive, aeroplanes, submarines, and others 


— primitive rocket weapons are used in China. Later on they also 
appear in the Islamic world and then in Europe 


— water wheels are driving paper shredders, saws and grinders; 
apparently some of the pumping mechanisms in underground mi- 
nes were already driven by water, too 


— grapevine is for the first time grown in Bohemia and Moravia 


— pivoted rudder located at the ship’s back as a continuation 
of its keel appears on European vessels. It was this rudder, a 
compass, deep keel and an improved system of sails, which made 
new discovery expeditions across the ocean possible 


— the projects of canals in Holland incorporate the first Euro- 
pean lock chambers. In the following centuries, practically until 
the end of 18" century the problem of inland transport is solved 
by making the rivers navigable and by building canals, rather 
than by building roads or railroads 


-—- wheelbarrows are used in handling of smaller pieces. Pulleys 
and treadle wheels, also known as squirrel cages are often found 
at building sites 


— a bow in Central Europe is gradually driven out by a cross 
bow, which becomes a conventional weapon 


— the Venetian production of glass develops rapidly 


— improved foundry methods make the casting of large temple 
bells practicable 


— the Italians learned the art of advanced pottery from the 
Moors and developed the production of majolica with leaded 
stannate glaze, called faience. It seems, howver that this method 
was originally invented by the Persians 


— very slowly begins the extraction of pit coal; to a lesser extent 
it is used for heating in England; its mining acquires significence 
only in 16'*, 17" and 18 centuries, in Bohemia as late as in 
19" century 


13'" — 14 century — apart from the older rich gold placers and in 
addition to underground mining of gold, new renowned deposits of 
silver are discovered in Bohemia (Jihlava, Kutnaé HoraJ, and of 
silver and gold in Slovakia (Bansk4& Stiavnica, Banské Bystrica). 
The mining of precious metals in Bohemia, Moravia and Slovakia 
for many centuries stood at the top of the world technological 
progress. The Czech mining technology develops since 13° cen- 
tury; it gradually adopts the concept of pitch shafts, as the main 
mining structure. Run-of-mine rock in leather bags was drawn 
alongside the shaft walls either by a hoisting winch or a horse 
capstan, in special cases even by a water wheel 
— in addition to silver the extraction of tin begins to acquire im- 
portance in Bohemia 
— improved systems of sails mean a gradual replacement of row 
boats by Sailing vessels in sea travels 


1245 — VILLARD DE HONNECOURT of France becomes the author of 
one of the first books on technology in the Middle Ages; in words 
and drawings he explains the achievements of technology of that 
time 


around 1250 — a treadle is used in turning; a string attached to it is 
wound around the worked piece and then led to a suspended 
elastic bar, acting as a return spring. Turner’s hands are now 
free to control the cutter 


1250 — the German theologian and philosopher ALBERT THE GREAT 
(about 1193—1280} is quoted as saying that the largest quanti- 
ties of gold in Europe were exctracted in Bohemia {first by pla- 
cer mining, later even by underground mining) 


1254 — the first report concerning the existence of mirrors with 
leaded coating on the reverse side is preserved 


1263—1265 — a stone bridge was built across the river Otava at Pi- 
sek; it is today the oldest standing bridge in Bohemia and a sig- 
nificant technical monument 


1272 — BORGHESSANO DI LUCA of Bologna designed a special me- 
chanism for throwing and reeling of silk 


1277 — there are proofs of the existence of a wind mill in Prague near 
the Strahov Hill. Unless additional proofs concerning the appea- 
rance of the wind mill at Staré Mésto in Moravia in 9 century 
are furnished, it would become the oldest example of the utili- 
zation of wind power in Bohemia and Moravia 
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1300 — Wenceslas II. announces his famous mining rules “Ius regale 


montanorum’’, which are considered to be the most sophisticated 
order of mining of medieval Europe, which set an example for the 
organization of the mining industries in a number of countries 


— some 100 cents of silver is extracted from the mines at Kutna 
Hora every year. Thanks to this fact the Bohemian minting was 
reformed and the mint at VlaSsky dvir in Kutné Hora began to 
coin valuable Prague groschen, which became a much sought- 
-after currency in the whole Europe. Another valuable currency, 
the Hungarian ducats, was coined from 14'? century from gold 
found in Slovakia 


around 1300 — the first mechanical clock with a crown-escapement 


appears in Europe. In the course of the following development, 
clock-making acquired a substantial significance for the future 
of technology, since then for centuries the clock-makers were 
developing various new elements of clock mechanism, which 
found their full application later in the era of machines 


— eye glasses were invented in Italy. Some historians believe 
that their invention by Salvino Armati took place in 1299, accord- 
ing to others eyeglasses became known in 1350. Their use is so- 
metimes believed to explain an unprecedented promotion of edu- 
cation in the Renaissance 


— Italy begins to produce nitric acid; it is used namely in Venice 
for the separation of gold. The acid was obtained by the distilla- 
tion of alum or vitriol saltpetre or sal-ammoniac. The production 
of sulphuric acid is known at this time too, but it began to spread 
only in 18 century 


14" century — water power is employed in the production of wire 


by drawing 
— in the early Middle Ages water wheels were designed as un- 


dershot types. Apparently starting from 14" century built are 
bucket wheels, i. e. overshot water wheels with doubled efficiency 


— cotton is processed in Bohemia and Moravia. First it is spun as 
weft yarn for fabrics with flax warp (barchant) 


— new underground mines for gold ores are founded in Bohemia 
(Jilové, Knin, KaSperské Hory, Krasnaé Hora) 


— distillation of wine with unslaked lime and the production of 
an almost absolute alcohol is ascribed to RAYMONDUS LULLUS 
(about 1235—1315), the French alchymist and philosopher 

— spirit, commonly made in this way of wine, can be also 
obtained from rye, beer and yeasts 

— fodder plants are grown in agriculture of Bohemia and Mo- 
ravia, their greater economic importance, however, is recognized 
only since 18" century 


— used for reeling of yarn in Italy are reeling frames, 1. e. reel- 
ing machines which were sometimes driven even by water wheels. 
Thread was unwound from a flyer spindle and at the same time 
taken up by a swift. This mechanism, used in an opposite way, 
in the following centuries apparently gave rise to mechanical 
spinning on flyer spinning wheels 

— the original public trails in Bohemia give way to the first 
network of public roads; their major directions have been pre- 
served until our days. In 1361 an instruction is passed to clear 
both sides of the roads “within a stone’s throw” as a protection 
against robbers 

— wood-block printing is spreading in Europe; first are printed 
playing cards and then pictures of saints 

— reports on the existence of fire-places crop up 

— built are tower wind mills with solid foundations and inde- 
pendent towers which are revolved in accordance with the power 
and direction of wind. Originally the whole mill was revolving 
and consequently its dimensions could not have been made larger 
— there are proofs concerning the existence of gun powder in 
Europe, where in the course of several generations it changed the 
whole concept of warfare. The oldest formula for the aneHery gun 
powder production dates back to 1338 


14'" — 15'> century — in Central Europe spreads growing of buckwheat 
which became an important component of nutrition; millet began 
to give way to other plants; grown was mainly rye, wheat and 
peas 


14" — 16 century — in Bohemia and Moravia begins a large-scale 
construction of ponds. Many new large ponds are founded starting 
from 15" century together with the development of fish-breeding 


1314 — Chinese printers begin to use interchangeable wooden cha- 
racters 


1320 — the first mechanical horse-driven mangle for public use is 
built in Ausburg 


after 1320 — the first gums fired by gun-powder are in use in Europe. 
In the Orient they were known already in 13 century. The first 
missiles were iron arrows, which were followed by stone shells 
and much later even by iron shells 


1338 — small portable guns, a kind of first rifles, also called the “pl- 
pes” were charged from the front by lead bullets 


1344—1351 — JACOPO DONDI of Italy built a remarkably intricate 
astronomical clock for Palazzo del Capitano in Padua. His son 
GIOVANNI DONDI (1318—1389) designed his renowned first astra- 
rium (planetarium ) 
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around 1350 — in addition to treadles, even lathes are driven by water 


power 


after 1350 — tin-coated sheet metal is produced in Bavaria 
1355—1385 — the span of the bridge across the river Adda near Trezzo 


in Italy measured 72 meters 


1357 — begins the construction of Charles’s stone bridge in Prague, 


1358 


1373 


1375 


which is to replace Judith’s bridge, damaged by floods 


— multi-barrel guns, also called organs, are used for the first 
time in Holland 


— the information on the first boring machine for gun barrel 
boring comes from Trier. The barrel was cast hollow but the ma- 
chine became inevitable for its fine boring 


— the architects of Charles IV. contemplate a canal between the 
rivers Vltava and Danube across the Sumava. Apparently built 
for this purpose was the dam at Straézné, which was 529 meters 
long, 51 meters wide at the heel, 15 meters at the crest and 15 
meters high. The canal was never built, although proposals for 
its construction repeatedly appear in the following centuries 


around 1390 — metal movable characters for printing are invented in 


Corea. This completed the invention of letterpress printing in the 
Far East. The first book printed by this technique appeared in 
1409 


beginning of 15'* century — ‘oui forged sheet metal is fine-rolled 


in small rolling mills which are driven by water. However, the era 
of large iron rolling plants begins in 18'" century 

— the standard of the glass production in Bohemia is very high. 
The original calcium-potassium glass had a high content of cal- 
cium monoxide, which fact in the following development led 
through numerous improvements to the emergence of the Bohe- 
mian crystal at the end of 17" century. Window glass was made 
either as crown glass or blown in cylinders. Glass was also used 
in mosaics. The Bohemian production was characterized by slim 
large cups decorated with small pearls which were attached to 
them 


— the German military engineer KONRAD KYESER in his book 
“Bellifortis” reports about various weapons, machines and inven- 
tions of that time. A similar contribution in this direction is also 
made by the Anonymous of the Hussite Wars. Its author is be- 
lieved to have lived at the Bohemian-Bavarian border 


— spiral springs are applied in padlocks, later on also in clock 
mechanisms 


1" half of 15'" century — the first explosive missiles, the granades to 
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be fired from guns, are designed. In a large extent they es to 
spread only in the following centuries 


15" century — in some branches, as coal mining, iron and precious me- 


15h — 


tal metallurgy, requiring considerable investments and intricate 
patterns of organization, begins to develop the capitalist method 
of production with financing bankers, contractors and hired 
labour 

— the Osel mine at Kutna Hora is 600 meters deep, which appa- 
rently was a world record. There is a need for sophisticated 
ground-water drainage of the mines; these include, for instance, 
various plunger and bucket pumps, windlasses, horse-capstans 
and water wheels 

— rails are used for transport in underground mines. At first 
they are made of wood, later on provided with sheet metal, 
making track for cars called tubs. It seems that Bohemia was the 
first country to introduce rail transport in underground mines. 
Several centuries later rail tracks appeared also on the ground 
— carts used in road transport are provided with a swivelling 
front axle, making its turning possible. Two-wheel carts give way 
to four-wheel ones. Apparently some of them were already 
equipped with springs. At the turn of 15" and 16" centuries 
appear light and relatively fast carts, called coaches 

— there are documents proving the extraction of Bohemian gar- 
nets in the Bohemian Central Highlands 

— two- and three-mast, after the year 1470 even four-mast sailing 
vessels are built 

— the first smoothing iron appears 

— various mechanisms begin to employ an important assembly 
of treadles, cranks and connecting rods 


— LEON BATTISTA ALBERTI (1404—1472), the Italian renaissance 
architect tackles in his books, among others, also the theory of 
city planning. Similarly as some other renaissance architects 
(e. g. FILIPPO BRUNELLESCHI, 1377—1446) he was making use of 
the perspective, whose more elaborate theory appears in his 
books 


— used in wood drilling {s a carpenter’s drill, incorporating 4 
crank mechanism 


16'" century — iron in Bohemia and Moravia in this periods is 
made in furnaces which are called bloomary, i. e. piece furnace, 
heating furnace, smelting furnace 


— thanks to huge blowers driven by water power {ft is possible 
to build higher and higher furnaces, which fact leads to the 
emergence of blast furnaces for the production of pig iron. In 
Western Europe these furnaces spread in 15 century, in Bohemia 
and Moravia to the end of 16% century. The furnaces are charcoal- 
-fired. Pig iron requires additional fining in refining hearths; It 
is also used for the production of cast iron which is poured in 
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1403 


moulds. With these furnaces the production of iron could not only 
expand but also become much cheaper; itt was mainly the pro- 
duction of weapons which could benefit from such a situation 


— large landlords’ farms in Bohemia and Moravia are self-bud- 
geting, with their agricultural and foodstuffs productions being 
characterized by large-scale organization of labour 


— the renaissance arts begin to spread in Italy from the be- 
ginning of 15'" century, which, among others, help to determine 
also the characteristic features of architecture. The renaissance 
architecture continues to use traditional stone, in addition to that 
newly appears pargeting architecture, mortar is used not only for 
bonding, but also for plasters, external rustic works, sgraffitos 
and architectonic links. The interiors are decorated with stuccoes. 
The vault designs endeavour to surmount original massive con- 
cepts, which are often replaced by cupolas or other kinds of 
voult works, as for example, simicircular vault, cloister vault, 
through vault, cavetto vault, etc. New palaces, often with arcade 
courts and gardens are built in renaissance towns. The top exam- 
ple of the renaissance architecture is the Saint Peter’s Basilica in 
Rome; it was designed by DONATO BRAMANTE (1444—1514) who 
also started its construction in 1506; his successors were RAFAEL 
SANTI (1483—1520), MICHELANGELO BUONAROTTI (1475—1564) 
and others. All these artists were also excellent technicians. The 
art of this period are to a greater extent harmonized with tech- 
nology. The most beautiful renaissance building in Bohemia is the 
Summer-house of the Queen Anne in Prague — Hradéany 


— DOMENICO DI MATTEO, the Italian engineer, is noted for 
using gun powder blast mines in besieged Pisa 


14109—1490 — MIKULAS OF KADAN, the clock-maker, JAN SINDEL, the 


1420 


1430 


1432 


1438 


42 


professor of astronomy and MASTER JAN (Hanus) create the 
astronomical clock of Prague (accurate dating being questionable) 


— the manuscript of G. FONTANA, the Italian engineer, describes 
a primitive laterma magica, a lantern illuminating a devil’s image 
on a piece of glass 

— the Hussite wagon fort wall represents the culmination of the 
development of a medieval warfave vehicle 


— this year marks the completion of the water tower of the Old 
Town of Prague, which was built much earlier than similar other 
works in large towns of Western Europe 


— the first manufacturer of gun powder becomes known in Bo- 
hemia. Its main component was nitre (saltpetre) 


— chain pump with spheres, which are feeding water through 
wooden pipes were apparently pictured for the first time by 
MARIANO TACCOLA of Italy (1381 — before 1458); similar re- 
ciprocating pumps were used in 16'" century also in Bohemia 


around 1450 — the first spring-driven clock is designed. Towards the 


end of 15' century the first small-size timepieces of this type 


appear. According to some sources this invention is ascribed to 


PETER HENLEIN of Nuremberg (1480—1542) 

— JOHANN GUTENBERG of Mainz, his proper name Gensfleisch, 
(around 1400—1468) prints from frame the first European books 
by letterpress with interchangeable metal types which were 
matrix-cast. His experiments in this respect are believed to have 
started already in 1436. The letterpress technique, no doubt, be- 
came one of the most significant inventions of our history; owing 
to letterpress, education became more democratic and the whole 
future development was influenced by its existence. It also re- 
presents an important milestone in the history of technology; up 
to this moment the technological processes were kept in strict 
secrecy and only literature, duplicated in a cheap way, could pass 
the technical knowledge to the whole world on large scale 

— together with the invention of letterpress designed are the 
first wooden bookbinding presses, which were developed from 
the original spindle wine presses 


2™ half of 15'" century — rifles are provided with the first types of 


1455 


1458 


rifle locks. These were tinder locks and later on match locks. 
Such rifles can be fired mechanically without any fuse, which was 
originally held by the other hand. This new type of lock rifles, 
began to develop only in the following epoch. Also appear pistols 
— various cast iron products increase in number, produced are, 
for instance, the first cast iron stoves. The artillery begins to use 
iron shells 

— the Italians attempt to imitate the Chinese porcelain, not with 
a great success, though 


— G. NARDI and A. FIORAVANTI transferred the tower de la Ma- 
gone in Bologna 


— MASO FINIGUERRA of Italy (1426—1464) is believed to have 
printed his first copperplate gravure on paper 


around 1470 — “The Trojan Chronicle” is the first book ever printed 


in Bohemia by the letterpress technique. Its original dating to 
1468 is being discussed at present 


1471 — the first printed book on agriculture was the Italian transla- 


tion of “Opus ruralium commodorum libri XII” by PIETRO DE 
CRESCENTIIS. In approx. 1500 this book was translated even into 
Czech 


after 1475 — the universal renaissance scientist, artist and namely 


engineer and technician, LEONARDO DA VINCI of Italy (1452— 
1519) devised original solutions to numerous technical problems, 
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Its estate consisted of more than 5000 pages of manuscripts, of 
which the greater part is devoted to the designs of various me- 
chanisms and machines. It is hard to say, to what extent he was 
the inventor himself or, whether, in some cases, he simply recor- 
ded various curiosities, he got to know elsewhere. A majority of 
his pioneering technical projects, however, were never materia- 
lized. He studied a whole variety of technical fields, his attention 
was mainly attracted by e. g. flying machines, submarines, para- 
chutes, breech-loaded guns, rifled barrels, centrifugal pumps, ca- 
nal excavators, rolling mill stands, roller bearings, universal 
joints, conical bolts, link chains, rope and belt transmissions, 
bolt thread cutters, lamp cylinders, various mechanisms for tex- 
tile production and many other technical problems 


before 1480 — hand flyer spinning wheels begin to appear. This wheel 


was used for simultaneous spinning and reeling. In contrast to 
the spinning wheel used earlier, the spinning rate was doubled. 
In 18 century these spinning wheels developed into modern 
spinning machines; that is also when the industrial revolution 
begins 


around 1480 — grinders are for the first time driven by treadles, cranks 


1488 


1492 


1497 


end 
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and connecting rods 

— lathes are considerably improved; for the first time these ma- 
chines are equipped with primitive carriages holding cutters. Mo- 
dern carriages revolutionalized the technology of machining until 
the year 1800 


— wood-cuts are used to illustrate printed books in Bohemia and 
Moravia, beginning from 16'> century also copper plate engra- 
vures are used 


— MARTIN BEHAIM (1459-1507) devised the first terrestrial 
globe, embodying the image of the Earth before the discovery of 
America 

— CHRISTOPHER COLUMBUS of Italy (1451—1506) in his attempt 
to find new routes to India discovers unknown shores of the 
American continent. This is a great triumph of seafaring of that 
time, which was made possible by the improvement of a compass, 
rudder, sails, etc. 


— LEONARDO DA VINCI (1452—1519} constructs very sophisti- 
cated lock chamber gates on the Milanese canal 


of 15'* century — small pans or boilers in breweries are replaced 
by large pans with wooden galleries; this is the beginning of 
large-scale beer brewing 

— ore dressing in mining is steadily improving. Ore is crushed 
by water energy, driving various stamps 

— spoons and ladies become a common phenomenon in the cul- 
ture of dining 


1500 — since the invention of the letterpress technique more than 250 
printing houses came into existence in Europe, producing 40000 
different prints 


1* half cf 16'" century — develops large-scale extraction of tin near 
Horn{ Slavkov in the Czech Woods; for a certain period of time 
these deposits are considered the richest in Europe. It was esti- 
mated that some 25 000 tons of tin had been extracted there 


— mining of copper in Slovakia culminates in this period. From 
1495 to 1546, about 600 000 metric cents of copper were extracted 
in Slovakia 


— rifles are provided with wheel locks, replacing the original 
fuse locks. The wheel was struck against pyrite to produce a 
spark, which was needed to ignite powder in a pan. It was this 
design which enabled cavalry to be armed with fire arms. It was 
used for more than 200 years 


— built are large water towers with mechanized pumping equip- 
ments, driven by water, wind or capstans. The first water-driven 
water tower in Prague was founded in the Old Town Mills in 
1554 


— wood engravings in colour begin to appear 


— sheet metal is completely forged by water hammers in sheet 
forges. Primitive rolling mill stands begin to come into existence 
in some parts of Germany 


16'" century — the Saxon or the KruSné Hory mining technology be- 
gins to spread in mining. The mining operations had to be 
adapted to deeper vertical shafts; pumping of water is carried 
out by means of pressure and suction pumps and pumping me- 
chanisms, driven mostly by water wheels {bucket pumps, chain 
pumps); mining machines are driven by capstans. Tubs on rails 
are used for horizontal underground transport. Chisel and sledge 
in mining are often replaced by fire setting which method is wide- 
ly used until 19" century. Propagation and underhand work 
methods are also used 


— water wheels employed in mines to pump water are even 12 
meters in diameter, giving the output up to 10 HP, i. e. 7,46 kW 


— the transmission of the driving force, the source of which is 
situated in a distance (water wheels}, is effected by complex 
lever mechanisms called sweeps, capable of transmitting force 
from valleys to the pumping machines located up in the hills 
several hundreads meters away. Chain transmissions are employed 
where the distance is shorter. In the region of Jachymov the 
sweeps are introduced only after 1551 


— double-rope capstans are introduced at the mines of Kutna 
Hora, also used are drums consisting of two truncated cones 
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1506 


1507 


— the first documents proving the existence of a vice date back 
to this period. The vice, however, is believed to have been known 
even earlier 

— small kitchen milJs with horizontal shafts are designed for 
kitchen work 

— the system of manufactures begins to spread from Italy to 
north-west Europe. Weaving shops with as much as 200 looms 
and 600 workers are founded in England after the year 1500. The 
16" century in Bohemia brings about dispersed manufactures, in 
which many home producers work for a contractor, who either 
finishes their semi-finished products or arranges for supplies of 
raw-material and their sales 

— gun carriages are commonly provided with wheels 


— in the Netherlands wind mills are employed to drive various 
mechanisms. Their power often exceeds 10 HP, i. e. 7,46 kW 

— potatoes, originally transferred to Europe from America, in 
16" century are grown on the Continent in a very small scale, 
at first as a garden plant only 


— the Taxis family opens an international post in Europe, ope- 
rating at first between Germany, the Netherlands, France and 
Spain. In Bohemia post is introduced in 1527 


— the first technical school for artillery is founded in the arsenal 
of Venice. This arsenal, where the Venetian fleet was built, is 
said to have concentrated the larges production potencial to the 
end of the medieval times 


— MARTIN WALDSEEMULLER, the German cartographer, publis- 
hed his first world atlas “Universalis cosmografia” 


around 1515 — deposits of silver ores are discovered in the vicinity of 


1522 


Jachymov in the KruSné Hory; their riches soon begin to attract 
thousands of diggers from all different regions 


— a reciprocating pump is designed at Jachymov for pumping of 
underground water 


before 1525 — in southern Bohemia STEPANEK NETOLICKY (died 1538) 


1530 


1535 
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biult a 46 kms long Golden sewer for pond feeding, thus contri- 
buting to a tremendous development of the Czech pond construc- 
tion 


— the German wood carver JURGENS is believed to have invented 
a treadle flyer spinning wheel. It became a leading spinning me- 
chanism of the pre-machine era, attaining as much as 5000 re- 
volutions per minute. Thanks to the treadle wheel the spinnier’s 
hands became free to draw a fine sliver 


— G. LORINI of Italy designed the oldest diving bell; the bell was 
used by divers searching for sunken Roman galleys 
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— VANNOCCIO BIRINGUCCIO of Italy (1480—1539} writes his 
book titled “De la pirotechnia libri X”, summerizing the contem- 
porary Knowledge of different spheres of metallurgy, inorganic 
technology and the use of gun powder. Since the turn of 15" 
and 16" centuries many other significant titles covering the tech- 
nology of mining and metallurgy were published 


1545 — a built-up suction pump was designed in the mines of the 


1547 


half 


1550 


Krusné Hory basin; several machines arranged in series and at 
different levels were capable of pumping water from deeper pits 


— JAN DUBRAVIUS (around 1486—1553) publishes his excellent 
book called “De piscinis”, describing the construction of ponds in 
Bohemia. In the following period this book was published in many 
foreign countries 


of 16'° century — spreads the manufacture of tin-coated sheets, 
also called white sheet metal, having a high corrosion resistance 


— appear egg-like pocket watches, which are soon provided even 
with a striking mechanism 

— in sea navigation row-boats have given way to sailing vessels 
— newly appear masonry kitchen stoves with grates, ash-pans 
and copper stove plates with openings for pots 


— in Nuremberg L. DANNER improves the printing press by pro- 
viding it with an iron spindle 


2.0 half of 16° century — in Mexico after the year 1550 BARTOLO DE 


MEDINA invest an amalgamation process for sulphides of silver, 
also known as the patioprocess, which denotes cold-amalgamation 
of argentite. Another amalgamation process, this time hot, in- 
vented by ALVARO ALFONZO BARBA, began to spread at the end 
of 16" century 

— bolts are provided with hexagonal] screws 

— JAKUB KRCIN OF JELCANY, the regent of RoZmberk (around 
1535— 1604), constructed the largest pond in Europe of that time 
called the RoZmberk pond covering the area of 1000 hectars, the 
dam of which was 2430 meters long and the capacity 50 mil- 
lion m5 of water 

— Czech letterpress printing reaches the world standard through 
the printing work of JIRI MELANTRICH ROZDALOVSKY OF AVEN- 
TYN (1511—1580) and in the later period of DANIEL ADAM OF 
VELESLAVIN (1545—-1599) 

— more then a half a million hectolitres of beer per year is 
brewed in Bohemia 

— the first rifles with rifled barrels are produced since the half 
of 16° century, although this technique was suggested much 
earlier by LEONARDO DA VINCI. The shooting accuracy became 
much better 
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1568 
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— appears a book by GEORGIUS AGRICOLA, the German physt- 
cian and natural scientist (1494—1555), called “De re metallica 
libri XII’, which has apparently become the most famous publi- 
cation covering mining industry, metallurgy and glass manufac- 
ture. Among other sources, Agricola gained his experience in the 
years of his carrier as a physician at Jachymov and his book 
reflects mainly the mining technology of the KruSné Hory region 


— GIAMBATTISTA DELLA PORTA of Italy (1535/6—1615) performs 
his first experiments with a dark chamber. Camera obscura fea- 


turing a lens is believed to have been invented by DANIEL BAR- 
BARA (1528—1569) in 1568 


— BARBARA UTTMANN teaches and spreads in the KruSné Hory 
region the art of bobbin lace making. The bobbin lace technique 
apparently originated in rennaisance Italy 

— Academia Secretorum Naturae, founded in Naples became the 
first scientific society, gathering scientists and educated techni- 
cians who through their collaboration attempted to promote pro- 
gress in science and technology. Such learned societies had an 
important role to play in the following periods in the propaga- 
tion of technical mass culture and in the dissemination of tech- 
nical information 


— in Medicean Florence is founded the Accademia del Disegno, 
as one of the first institutes for high-standard instruction courses 
on architecture, civil engineering and other branches 


— metal cutting machines are first introduced in England 


— appear the first reports on writing by means of pencils con- 
sisting of a graphite core inside a wooden holder. Up to this pe- 
riod used for writing were lead pencils 


— preserved until our days was the illustration of a spindle lathe, 


driven via a moving spindle to which a worked piece is rigidly 
clamped 


— the Flemish cartographer GERHARD MERCATOR (1512—1594) 
issued a large. map of Europe and of the world. Mercator was 
a cartographer of considerable merits, he brought the proposal 
for cylindrical map representation as well as new principles of 
the map projection on mathematical basis 


— CH. SANDER worked out a new procedure of pyrite sulphur 
production, which was widely used also in Bohemia 

— the first experiments with a multi-share plough are carried 
out in Bohemia, apparently earlier than in France and England. 
These ploughs, however, became popular only in our century 


— Mining methods are employed in the extraction of salt at Sol- 
na Bafa in the region of PreSov 


A smithy, according to the Lives of the Fathers of the Church, 1516 


A waggon, late Middle Ages 
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A spinner with spinning wheel 


Cobbler’s workshop with a spinner, Codex of B. Behem, early 15th cent. 
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of Medicine} by Jan Cerny, 1517 


An apothecary at a distillation apparatus, woodcut from the Knieha lekarsk&é (Book 
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acc. to G, Agricola, 1556 


Ventilation of a gallery by means of a hand-blower, 


Alchemist’s workshop according to P. Breughel, 1558 
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Descending a mine, according to Georgius Agricola, 1556 
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1578 
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— LAZARUS ERCKER (about 1528—1594) publishes in Prague 
“Beschreibung aller furnemisten mineralischen Ertz- und Berk- 
werksarten”, one of the most significant world publications on 
metallurgy and essaying. The significance of this book for further 
progress of chemistry is undeniable; the specialists in metallurgy, 
essaying and mining gathered in an empirical way many impor- 
tant findings, which contributed towards the development of che- 
mistry more than alchemy 


— JACQUES BESSON publishes in Lyon, France his “Theatrum 
instrumentorum et machinarum”. It provides an insight in the 
technology of 16'” century 


— designed in ‘Gdansk is a remarkable ribbon loom, capable of 
weaving several ribbons simultaneously. It became one of. the 
predecessors of mechanical weaving. The inventor, however, is 
said to have been executed on the grounds that his invention may 
lead to unemployment. The loom of this type spread in Europe 
only in the following century 


after 1580 — attempts to design a breech-loading rifle date back to 


this period; in its time the invention did not spread to any larger 
extent 


1581—1593 — begins the driving of the Rudolphinean adit under the 


1582 


1585 


1586 


1586 


1589 


Letnd slope in Prague, connecting the river Vitava with the Stro- 
movka park, where the adit was used to feed a pond 


— after a long period which elapsed since the times of the classi- 
cal civilization, water is supplied by means of lead pipes to living 
houses in London 


— TADEAS HAJEK OF HAJEK of Bohemia (1525—1600) publishes 
in Frankfurt his first book about the production of beer, summe- 
rizing the empirical knowledge of beer-brewers of that time 


— the method of scythe drawing in water-driven forges is in- 
vented. Founded in this period are iron-working manufactures, 
which started to produce even typified products, mainly for ar- 
mament purposes in larger series 


— the book “Le diverse ed artificiose machine del Capitano Ago- 
stino Ramelli dal Ponte della Tresia”, which was published in 
Paris, describes various machines, transmissions and mechanisms. 
Among other things, it also mentions several types of bearings, 
e. g. drop hanger bearings, bracket bearings, expansion and 
roller bearings 


— WILLIAM LEE (1550—1610) invented in England a hand knittig 
machine called a half-hose machine. It became one of the most 
intricate machines of that time, constituting the prerequisites for 
the transition to mechanized textile production; it was this pro- 
duction which later on helped to promote the era of machines 
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around 1590 — rifle shooting in Germany begins to use paper cases, 


1590 


1591 


1582 


1597 


1599 


cartridges with a gun-powder charge with lead projectiles atta- 
ched to their necks. Any larger-scale production for army pur- 
poses does not start until the next century 


—- in Altdorf in Bavaria JOHANNES PRAETORIUS invented a sur- 
veying instrument with a levelling sight and a compass. This 
instrument, which later on became known as mensula Praeto- 
Triana, was used for land surveying also in Bohemia 


— the Dutch optician ZACHARIAS JANSEN (1580—1628 or 1638) 
is said to have invented the first practicable microscope, com- 
posed of two lenses. Earlier than that some optics specialists 
pointed out, that things could be seen enlarged by the help of 
two lenses. The significance of the microscope for further deve- 
lopment of civilization is priceless. In medicine only it is believed 
to have saved more lives than those destroyed by all wars 


— soon after the rifled-barrel rifles also appear guns with rifled 
barrels. This information is found in the manuscript by J. S. 
KOCH of Ingolstadt 


— the technique of rock crystal cutting is applied also to glass 
cutting. This is the beginning of the epoch of cut glass. Quoted 
as the original inventor of this technique is KASPAR LEHMANN, 
an excellent cutter living at the court of Rudolf IJ., but prede- 
cessors cannot be excluded 


— the German chemist and physician ANDREAS LIBAVIUS sum- 
merized the findings of chemistry of his time in a book called 
“Alchymia collecta”. He also described the method of sulphuric 
acid production 


— the Dutch physicist and engineer SIMON STEVIN (1548—1620) 
designed for Maurice of Orange a vehicle driven by sails. Its 
Capacity was 28 people and the speed 34 km per hour. It could 
cover even large distances 


end of 16'" century — the first rather imperfect lens telescopes begin 


50 


to appear in Italy; they were apparently designed here earlier 
than in Holland; three persons are often quoted as the invetors 
of a telescope: JANSEN, LIPPESHEY and METIUS. Same as a mi- 
croscope, the telescope was also priceless for further progress of 
modern science 

— the first successful experiments with coal coking in heaps 
were carried out in Germany and England. Coke acquired its his- 
torical significance only in 18? century as a blast furnace fuel 


— glass furnaces are equipped with grates. This became cha- 
racteristic mainly for the Czech furnace, which considerably 
improved the heat economy by attaining higher temperatures 
and thus raising the standard of glass production. It remained in 
use in Central Europe until the end of 19'* century 


— the first attempts to replace lumber by coal for firing glass 
furnaces were made in England. The success, however, came 
only around 1720 


beginning of 17'" century — water wheels are gaining more and more 
ground in flourishing manufactures and other branches of pro- 
duction. Their output is even 20 HP, i. e. 14,914 kW. 
— a number of outstanding scientific and astronomical instruments 
comes into existence at the court of Rudolf II. in the time of 
Tychon de Brahe and Jan Kepler. JOST BURGI (1552—1632}, the 
excellent Swiss mechanician and mathematician, finds here an 
opportunity to perform his arts 
— begins the era of coaches, large and for their time relatively 
comfortable passenger cars. The first type are so called carosses, 
either closed or open, suspended from wide belts above the 
undercarriage, to reduce vibrations 
— some countries, namely England, begin to suffer from critical 
shortage of wood. This is the reason why coal mining begins to 
develop rapidly and why attempts to replace wood by coal are 
made. The attemps to smelt iron by coal (SIMON STURTEVANT, 
DUD DUDLEY in 1619) either failed or the new processes were 
kept by their investors as secrets 
— for the first time soil is fertilized by salpetre, for the time 
being in a limited scale 


1° half of 17° century — proposed are the first designs of revolvers. 
The first patent was apparently granted to A. HILL in 1664 


17" century — imported indigo is gaining ground in farbic dyeing, in 
Bohemia and Moravia, especially for blueprint, which became po- 
pular. This became a strong competition to local borite 
— appears a number of design proposals for paddle wheel pro- 
pulsion of ships. The success, however, came only after the in- 
vention of a steam engine 
— fabric printing is gradually developing. Fashionable becames 
especially the Indian printed calico in coutries like France and 
England. The calico patterns were also applied later to cotton 
fabrics 
— used for spinning are combined spinning wheels with a duplex 
drive and a step-up gear up to 1:85. These wheels required consi- 
derable skills of the spinners 
— the Frech flint lock appears in rifles originating in many 
countries in Europe 
— fodder plants, lucerne and clover are grown in a large-scale 
in the Netherlands and later on also in England. These plants are 
believed to have come to Lombardy from the Orient in 14"° cen- 
tury, but only in this period they seem to begin to play a signt- 
ficant role in revolutionary transformations in agriculture 
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1803 


1605 


1606 


1607 


1609 


1612 


1615 
1617 
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— the agrarian revolution begins to spread in Western Europe. 
The three-crop system ts constantly improved and gradually de- 
velops into a rotating system. Fodder plants are grown instead 
of a fallow. Considerable attention is being paid to pastures, 
cattle breeding, its gradual housing and consequently to the 
creation of large stocks of manure. The agrarian revolution pre- 
pared the necessary conditions for the supplies of industrial 
towns, emerging in the following centuries 


— mine rail transport spreads from the Continent to England. 
H. BEAUMONT built the first ground wooden rails from the coal 
mine at Wollaton Hall to the river Trent. This was the first 
horse-drawn railway, as the bud of modern railway transport 


— GALILEO GALILEI (1564—1642) constructed the first primitive 
thermometer, the tube of which was filled with colour water. 
This thermometer did not have any scale yet 


— mail passenger transport develops in England. Since 1605 
stage coaches begin to operate between London and several other 
towns. The coaches of thet time had neither windows, nor doors 


— the first organized schooling of young mine officials takes 
place in Slovakia. This was apparently the first case of techni- 
cal instructions on mining in the world 


— CARLETTI of Italy introduces for the first time in Florence the 
production of chocalate in Europe; it were the Spaniards who 
brought the notion of chocolate to Europe from Mexico 

— BATTISTA DELLA PORTA performs experiments with vapour 
pressure; vapour condenses in a closed vessel. This method will 
lead later on to an epochal discovery, the utilization of steam 
power for engine propulsion 


— L. TANCREDUS produced the first artificial ice in Europe. The 
Orient had known artificial ice several centuries earlier 


— GALILEO GALILEI (1564—1642) builds for his astronomical 
observations a telescope with treble magnification. His first ob- 
servations of the sky by this instrument were sufficient to shake 
the whole Aristotelian picture of the Universe 


— ANTONIO NEGRI of Florence publishes his “L’arte vetraria”, 
containing the basic information about the glass-making techni- 
ques of that time. It was mainly Venice in Italy which became 
famous for its production of crystal glass 


— WILLEBRORD SNELL used triangulation in land surveying 


— continuous collections of technical patents protecting new 


inventions were preserved in England since 1617. The patent bill 
was passed here in 1624 


1619 — J. ETHERINGTON was fssued a patent for machine brick 
moulding 


1624 — CORNELIS DREBEL (1572—1634) of Holland designed the 
first serviceable submarine, which covered the distance between 
Westminster and Greenwich in England in three hours 


around 1627 — E. WINGATE of England designed a slide rule, con- 
sisting of two sliding bars 


1627 — KASPAR WEINDL (died in 1647) performed his first world 
experiment with gun powder rock blasting at the Biber’s upper 
gallery of the Bansk& Stiavnica mines. In this way gun powder 
was first used for a constructive purpose, underlying its signi- 
ficance not only in mining, but also in other branches 


1628 — besieged La Rochelle was attacked for the first time by tor- 
pedoes fired by the English 


1629 — GIOVANNI BRANCA publishes his book called “Le Machine”, 
containing descriptions of various machines, including their graphi- 
cal representations. Remarkable is his drawing of an impulse 
turbine, which was intended to drive by its pressure of vapour 
a bladed wheel and through some other transmissions also a 
stamp. Branca also designed a threshing machine and described 
the manufacture of ground water cocks 


1631 — PIERRE VERNIER (1580—1637) constructed an auxiliary rule 
for the substraction of fractions of indexes of the main rule, later 
called nonius 
— the surveying compass is provided with a primitive microme- 
ter 

1636 — D. SCHWENTER of Germany describes the way of turning a 
goose quill into a fountain pen. Twenty years later silver fountain 
pens were produced in France 
— after BESSON also VAN BERG of Holland designs a threshing 
machine, in which a crank is used to rotate several flails at the 
same time 

1637 — J. HEVEL in Gdansk designed a level periscope with lenses 
and mirrors including the angle of 45°. The marine periscope was 
used some 250 years later 


1639 — MARIN MERSENNE of France (1588—1648) constructed the 
first mirror telescope with a concave mirror 


after 1640 — JOHANN RUDOLF GLAUBER of Germany (1604?—~—1668} 
prepared pure hydrochloric acid (this was known even earlier, 
apparently in 16" century, but never in a pure form 


1641 — GALILEO GALILEI (1564—1642) designed a pendulum clock; 
several decades earlier he found out that the duration of a pen- 
dulum sving was constant : 
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1643—1644 — EVANGELISTA TORRICELLI of Italy (1608—1647) disco- 


1646 


1647 


vered the effects of the atmospheric pressure and built the first 
mercury barometer for his experiments. The knowledge of the 
barometric pressure became highly significant in the history of 
technology, among others, it led to the design of the first steam 
engines later 


— the German naturalist ATHANASIUS KIRCHER described in his 
book “Ars magna lucis” the magic lantern with a lens 


— BLAISE PASCAL of France (1623—1662) designes a hydraulic 
press. Similar press is believed to have been designed even earlier 
by Galileo Galilei 


2? half of 17° century — the manufacture system of production de- 


velops fully in Western Europe; the first larger concentrated ma- 
nufactures are being built also in the Czech lands. This is accom- 
panied by a large-scale organization of labour, its intricate divi- 
sion, utilization of natural resources of energy and introduction 
of new production procedures. All this constituted the prepara- 
tory stage of a factory pattern of production, emerging in the 
following century 


after 1650 — the German naturalist and the mayor of Magdeburg OTTO 


1651 


1652 
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VON GUERICKE (1602—1686) designs a vacuum pump and per- 
forms serious experiments with atmospheric pressure, to prove by 
methods visible also to the public its tremendous power, The 
attention his experiments were met with encouraged the idea of 
utilizing it in engines. The experiments with air pressure were 
continued by BLAISE PASCAL (1623—1662) and ROBERT BOYLE 
(1627—1691) 


-— OTTO VON GUERICKE begins to investigate various electrical 


phenomena and constructs the first modern electric apparatus 
for the electric charge generation by friction known as the 
friction electricity. This is the beginning of scientific exploration 
of electricity 

— thermometers with spirit filling and scales were designed by 
the Accademia del Cimento in Florence 


— cotton industry begins to develop rapidly in Britain, the cotton 
fabrics becoming highly fashionable. Spinning of cotton is soon 
to become the first branch replacing manual work by machines 


— direct boat navigation between Prague and the sea at Ham- 
burg exists 


— the Frenchman BLAISE PASCAL (1623—1662) built the first 
calculator for addition and substraction. This was the very be- 
ginning of a long development series of calculators 

— steam heating is used for the first time for heating of green- 
houses in England. Living houses were steam-heated only in the 
following century 


1653 
1657 


1658 


1660 


— postal stationary and the first mail boxes appear in Paris 


— the Dutch mathematician and naturalist CHRISTIAN HUYGENS 
(1629—1695) carries out experiments with a pendulum clock, ori- 
ginally started by Galilei. He succeeded in replacing the original 
foliot by a pendulum acting as a mechanical oscillator, which 
fact constituted a revolutionary change in the time measuring 
technique. In portable clocks since 1658 Huygens together with 
ROBERT HOOK (1635—1703)} use the Archimedes’ spiral of thin 
steel wire coupled with a balance wheel 


— the printer LUDMILA SEDLCANSKA was granted the per- 
mission to publish the first newspaper in Bohemia called the No- 
valia. Its actual publishing, however, can be proved only after 
her daughter took over in 1664 


— the first primitive flush toilets are introduced in France; 
after this country this novelty first appears in England 


around 1660 — leather bellows of iron blast furnaces are replaced by 


wooden ones also in Bohemia and Moravia 


after 1660 — the English chemist ROBERT BOYLE (1627—1691) laid 


1661 


1662 


1663 


through his numerous research works the foundations of modern 
analytical chemistry, which in the following centuries substan- 
tially influenced the technology of production 


— the German physicist OTTO VON GUERICKE (1602—1686) in 
his experiments with air pressure designed a manometer 


—  M. THEVENOT constructed a water level with entrapped air 
bubble 

— the appointee general of post in England H. BISHOP was appa- 
rently the first one to begin to use postal cancellation 


— the Royal Society for the promotion of natural science is esta- 
blished in London (differences in the date exist). The signifi- 
cance of this institution for the progress of technology is funda- 
mental, since all its research work was aimed at the solutions 
of practical problems and the Royal Society reflected also techni- 
cal inventions. The influence of Comenius with respect to the 
foundation of the Royal Society is sometimes pointed out 

— regular city transport by horse omnibuses was introduced in 
Paris between Louvre and St. Denis, Vincennes and Versailles — 
not lasting for a long time, though, 


— EDWARD SOMERSET of Worcester obtains a patent for a kind 
of a steam pump, originally intended to drive water fountains. 
The very idea of the design and the usefulness of this machine 
are questionable, the patent itself being a proof of a long pre- 
history of steam engines 
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1664 


1665 


1666 


1667 


1669 


1670 


— the first documents showing that forestry seedlings were grown 
in tree nurseries in Bohemia are in existence 

— C. SCHOTT in his book “Technica curiosa” describes for the 
first time a universal coupling for the conversion of motion 
between two concurrent shafts. Probably unjustly this invention 
is sometimes asscciated with the Italian GERONI CARDAN (1501— 
1576}. This mechanism had been used in tower clocks and horse 
capstans long before its application in modern automobiles 


— postal service is established between Prague and Dresden and 
Leipzig 


— {n England coaches are provided with arc-spring suspension 
made of malleable cast iron 


— the production of white tin-coated sheet metal is spreading 
from Saxony to Britain 


— the Royal Academy of Science is founded in Paris; similarly 
to the Royal Society of London, its contribution to the progress 
of technology was enormous 


— the Englishman R. TOWNLEY constructed the first graduation 


machine for accurate graduation of a circle (mainly for astrono- 
mical purposes )} 


— the German alchymist HENNING BRAND (?—1692) discovered 
phosphorus. This, however, is believed to have been known by 
some Arab naturalists in the medieval. The production of phos- 
phorus from bones was started by HAUKWITZ in London by se- 


veral decades later. Its great significance for agriculture was re- 
cognized much later 


— the Frenchman PERSONNE DE ROBERVAL constructed a coun- 
ter scale 


around 1670 — long years of production of Bohemian calcium-potas- 


sium glass eventually led to the discovery of Bohemian crystal. 
Its “invention” is often ascribed to the superintendent MICHAL 
MULLER from the district of Vimperk, although the merits belong 
to many generations of glass makers. Since that time the Bohe- 
mian glass appears at all world markets 


after 1670 — the German E. WEIGEL built in Jena one of the first 


1671 
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lifts in a living house 


— SEBASTIEN LE PRESTRE DE VAUBAN (1633—1707), the signi- 
ficant French military architect, introduces a new system of for- 


tress architecture and substantially improves the techniques of 
besiege 


— the Académie royale d’architecture is founded in Paris with the 
aim of providing higher education not only for architects, but 
also for engineers from other branches of technology 


1672—1682 — at Marly-le-Roi the mechanician S. RENKIN of Lutych 


1673 


after 


1675 


1678 


1679 


1680 


1681 


built for Louis XIV. a large system of 13 water wheels with 250 
piston pumps intended for pumping of water from the river Seine 
to water fountains in Versailles through 5 km long pipeline, The 
output of this system is said to have been almost 100 HP, 1. e. 
74,6 kW. This was the culmination of the traditional concept of 
water wheels, which at the same suggested the necessity of de- 
vising new sources of propulsion. Water in the fountains in Ver- 
sailles was allegedly costlier than champagne 


— milling mechanisms called beaters are introduced in the ma- 
nufacture of paper. This invention was kept by the Dutch secret 
for many years; in Bohemia it became known in 1710. In contrast 
to the original paper mill stamps the beater increased the rate 
of paper production several times ia 


— the Dutch naturalist ANTONY VAN LEEUWENHOECK (1632— 
1723) designs a much improved microscope. He himself could 
produce lenses with 300X magnification 


1673 — the Dutch physicist CHRISTIAN HUYGHENS (1629—1695) 
together with the Frenchman DENIS PAPIN (1647—1712?} per- 
forms experiments with a primitive explosion piston machine; 
the piston is brought to its upper position by the explosion of 
gun powder and to its lower position by atmospheric pressure. 
This machine never became serviceable, but remained the bud of 
all the explosion machines of the future 


— long-distance international postal route from Prague to Po- 
land and Russia is founded 


— the Frenchman DE GENNES designs the first mechanical loom. 
This remained only a mere attempt, but in reality the machine 
was never built at that time 


— gun powder is used for the first time in France to drive the 
Malpase tunnel for the Languedoc canal. The tunnel was 155 
meters long 


— in Nuremberg is designed a machine for pin heads pressing. 
This was one of the examples of a relatively mass production of 
a certain standard product. An earlier example of such mass pro- 
duction was casting of letterpress types 

— the German alchymist JOHANN KUNKEL {invented the ruby 
glass and introduced its production 


— the German alchymist JOHANN JOACHIM BECHER (1635—1682} 
and H. SERLEM received the Engglish patent for a new method 
of production of pitch and tar from pitcoal 

— the Frenchman DENIS PAPIN (1647—1712?} designed his po- 
pular pressure pot (Papin’s pot), in which liquid begins to boil 
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at a higher temperature than in ordinary pressure. From the 
point of view of further progress of technology the important 
thing was that Papin had to invent at the same time a steam 
safety valve, so much needed for the future steam engine designs 


1681—-1690 — almost three million tons of pitcoal were dug out in 


1082 


1683 


1684 
1685 


1688 


1689 


1690 


the course of ten years. The extraction of coal on the Continent 
was at its beginning. This early extraction of coal is sometimes 
believed to have been one of the reasons for a tremendous de- 
velopment of the English technology and production in the in- 
dustrial revolution 


— JOHANN JOACHIM BECHER of Germany (1635—1682) found 
out that an inflammable gas occured during a dry distillation of 
coal {later lighting gas). Its practical production and utilization, 
however, did not start until the next century 


— one of the first technical and industrial exhibitions opened in 
Paris 


— the first water driven cutting machine was built 


— DENIS PAPIN (1647—1712?) believes that tubes with com- 
pressed air could be used for long-distance water energy trans- 
fers. Pneumatic pumps were to be driven by water wheels and 
the water-raising mine equipment by compressed air, produced in 
this way. The machines driven by compressed air constituted a 
revolutionary change in mining which took place only at the end 
of 19'* century 


— LUCAS DE NEHON, the French glassmaker, devised the way 
of mirror sheet casting; up to this time the sheets were blown 


— DENIS PAPIN (1647—1712?) designed a serviceable centri- 
fugal pump (in principle already known to Leonardo da Vinci) 


— DENIS PAPIN builds a model of an atmospheric steam engine; 
inside the cylinder the piston is lifted by the pressure of steam 
and as vapour condenses, vacuum is formed under the piston, 
which is moved down by an enormous force of atmospheric 
pressure; the weights are moving accordingly. This model was 
not serviceable, but in principle it outlined the correct way to- 
wards the development of a genuine steam engine 


— the Frenchman DE SIVRAC connects two wheels by a bar and 
invents the first primitive velocipede. The rider, seated on the 
bar, propells the bicycle by his feet striking agains the ground. 
It took another hundread years for this invention to become po- 
pular 


after 1696 — reverberatory furnaces are introduced in the production 
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of copper and lead 


1698 — the Englishman THOMAS SAVERY (1650—1715) obtains the 


1699 


English patent for a steam pump, intended for the evacuation of 
water from mines. Steam from the boiler was alternately dis- 
charged in two vessels: it expelled water from one, while sucking 
it into another, with vacuum resulting from the condensation of 
steam. A real pump of this type was apparently built only in 
1706; it became the first serviceable machine utilizing steam. It 
never spread, however 

— the school for mathematics and navigation with a large num- 
ber of pupils opens in Moscow. In 1715 the school was transferred 
to Petersburg 


end of 17'" century — traditional chests ni households are replaced by 


wardrobes 

— frequently used are spindle lathes with lead screws for wooden 
thread cutting and turning of profiled wooden objects according 
to templates. As for their principle, these were known already 
in 16" century, but it took them another one hundread years be- 
fore they began to be used in real production 

— appear coaches known as the berlines. Their bodies were 
completely closed and suspended from S — springs 


beginning of 18'* century — mines ventilation systems utilize ventila- 


tion furnaces, evacuating deteriorated air from the shafts to be 
replaced by descending fresh air 

— the mines with ever-deeper shafts are frequently endangered 
by underground water. Some mines in England, where water is 
pumped by horse capstans, keep up to 500 horses for that pur- 
pose, but without any permanent success. Only a new motoric 
source can be of help 


1:t half of 18" century — the first long-distance “Emperor’s” roads 


are built in the Habsburg monarchy 


18" century — sickles are still used for grain cutting, while scythes 


are used only for mowing of grass and the attempts to use them 
also for reaping of grain are not successful 

— in forestry axes give way to saws in tree-felling rather slowly 
— the Slovak mining technique develops in mining. Used since 
the turn of 17 and 18 centuries is overhand work, i. e. on 
steps situated upwards from the main gallery; also spreading is 
the crosscut method and the single-entry room and pillar method. 
Underground water is evacuated not only by horse capstans and 
traditional water wheels, but built at the same time are large 
systems of mining ponds for the catchment of water to drive 
these wheels, in addition to new designs of atmospheric steam 
engines, water-column machines and even pneumatic machines 
(as for these machines see farther). At this time the Slovak ml- 
ning technique reaches the world standard 


1700 


1701 


1704 


1705 


1706 


1707 


1708 


— the new type of a coach called the landau, originally designed 
by the Englishman named LANDOW, is provided with a two-part 
collapsible hood 


— CHRISTOPHER POLHELM of Sweden (1661—1i751) opens the 
first large-scale production of iron goods, employing 100 workers 
in workshops equipped with high-standard machines, including 
rolling mills, presses, bar cutting machines, water drives, etc. 


— atfer numerous attempts starting from 16" century, a servi- 
ceable sowing machine is built. JETHRO TULL designed a drill 
seeder which drew furrows apart, put seeds in the ground and 
covered them up again. It does not spread, however, until much 
later 


— the Swiss NICHOLAS FACCIO DE DUILLIER (1664—1753) in- 
vented the method of production of stone bearings with drilled 
holes (for cloks) 


— CHRISTIAN JOSEF WILLENBERG (1650—1731) proposes the 
foundation of ah engineering school in Prague; it is actually 
founded only in 1717 


— DENIS PAPIN (1647—1712?)} built in Hessen his great atmos- 
pheric steam machine, which could draw water for a short while; 


in consequence of an early defect this construction ended without 
success 


— Peter I. the Great orders to install in the Summer Garden in 
Petersburg the SAVERY steam atmospheric pump to draw water 
into park fountains 


— CHRISTOPH SEMMLER (1669—1740) founds in Hesse in Ger- 
many the first real-schule. The real-schule education played an 
important role later in the training of technicians 


— the German alchymist JOHANN FRIEDRICH BOTTGER (1682— 
1719) produced the first European porcelain and in 1710 started 
its production in Saxony. According to some sources Béttger was 
assisted by E. W. TSCHIRNHAUS (1651—1708). This porcelain, 
which became known as the Meissen porcelain, developed quickly 
both in shape, colour and material 


1709—1735 — ABRAHAM DARBY (1677—1717) and later on also his 
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son Abraham carry out in Coalbrookdale in Shropshire county in 
England the first successful experiments with iron smelting in 
blast furnaces fired by pitcoal and later on also by pitcoal coke. 
Smelting of iron by coke has been the basis for modern metallur- 
gy until our days. It brought the metallurgical industry — so far 
dependent on large supplies of lumber and consequently found 
mostly near the woods — close to coal basins. This was the be- 
ginning of the foundation of quite new, modern centers of heavy 
industry 


1711 


1712 


1714 


1715 


1716 


— burning of a glass composition at Turnov lays the foundations 
for the production of artificial jewellery 


— the military school for engineering opens in Moscow 


— in Bohemia beer is brewed in 1294 breweries, the annual pro- 
duction accounting to more than 1,300,000 his 


— the English blacksmith, tool maker and iron dealer THOMAS 
NEWCOMEN (1663—1729) designed the first serviceable atmos- 
pheric steam engine. Based on the principle of Papin, its boiler 
was separated from the working cylinder with a piston; it con- 
sisted of valves and nozzles, injecting cold water in the cylinder 
for its vapours to condense when the piston was in top dead 
center. The working stroke in this case was also dependent on 
atmospheric pressure. Newcomen’s “fire engine” soon spread to 
many mines in England and on the Continent. Its historical signi- 
ficance consists in the fact, that to a greater extent it paved the 
way for Watt’s steam engine. Newcomen carried out his experi- 
ments since 1705, assisted, perhaps, by JOHN CALLEY. His suc- 
cessful engine was built at the Dudley Castle in 1712 


—~ the German physicist GABRIEL DANIEL FAHRENHEIT (1686— 
1736) constructed an almost perfect mereury thermometer with 
a scale divided into 212°. Ice melts at 32° of this scale and water 
boils at 212°. This thermometer is still in use, mainly in America 


— in London HENRY MILL was issued a patent for his typewri- 
ters. The details, unfortunately, are not known, the era of type- 
writers began much later in 19'* century 


— a drapery manufacture, empicying almost 800 people is foun- 
ded at Horn{f Litvinov in nothern Bohemia. The technology of 
these workshops can be learned from numerous illustrations, 
which became world-famous 

— the Englishman G. GRAHAM invented an anchor escapement 
for clocks designs in the form as they are used nowadays. This 
replaced the original spindle escapement 


— a mining school for a small number of mining expectants is 
founded at Jachymov 
— wooden rails are, as a rule, metal sheeted 


— hot water ceniral heating is used for the first time in England. 
It was installed by MARTEN TRIEWALD of Sweden (1691—1747) 
for heating of green houses (in the same way as previous steam 
heating) 


1718—1729 — the Russian mechanician ANDREI KONSTANTINOVITCH 


NARTOV (after 1680—1756}, working at the court of Peter the 
Great, built a number of !athes with carriages. These tools were 
not used for production purposes yet 
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1720 — JOHANN CHRISTOPH MULLER (1673—1721) elaborates a per- 
fect map of Bohemia. His map of Moravia came into existence 
already in 1712 


1721 — J. F. HENCKEL prepared in England zine by the reduction of 
blende; its large-scale production started here in 1730 


1722 — the French physicist RENE ANTOINE REAUMUR (1683—1757) 
improved the production of steel through cementation in which 
he carburized forgeable iron with carbon from charcoal, Réaumur 
was the first to explore metallurgical problems from scientific 
positions 


1722—1724 — the English mechanician ISAAK POTTER built at Nova 
Baftia in Slovakia Newcomen’s atmospheric steam engine for 
pumping of water from mines. This was one of the first “fire 
engines” ever built on the Continent. During the following ge- 
neration several more atmospheric steam engines were built in 
Slovakia, in 1758 by the local technician JOZEF KAROL HELL 
(1713—1789) 


1724—1725 — the Emperor’s Academy of Science is founded in Peters- 
burg for a significant promotion of technological progress, which 
became one of the main centers of European scientific investi- 
gations 


1724—1739 — the German JAKOB LEUPOLD (1674—1727) published his 
eight-volume compendium called in German “Theatrum machina- 
rum generale oder Schauplatz des Grundes mechanischer Wissen- 
schaften”; this work has become one of the valuable reflections 
of the level of technology in the first half of 18'" century on the 
threshold of the industrial revolution 


around 1725 — the first stereotypes, cast printing plates for letter- 
press (matrices) are successfully made 


1725—1728 — the Frenchmen B. BOUCHON and FALCON improve the 
design of a pattern loom; its work was mechanized by a device 
with endless punched paper tape 

1726 — the German JAKOB LEUPOLD (1674—1727) for the first time 
describes personal scales 


1727—1725 -- the Englishman STEPHEN GRAY (1670—1736) defined 
the difference between conductors and non-conductors and suc- 
ceeded in conducting electricity at the distance of 400 feet 


1728 — the first agricultural school in Bohemia is founded at Brevnov 
near Prague 


1729 — JAN FERDINAND SCHOR (1686—1767], the second professor 
at the Prague department of engineering in the years 1725—1767, 
built wto oldest lock chambers in Bohemia on the river Vitava 
at Zupanovice and Modéany 
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1730 


1731 


1732 


1733 


1734 


1735 


after 


1736 


— the Frenchman RENE ATOINE REAUMUR devised an eighty- 
grade scale for thermometers: O° corresponds to melting of ice, 
80° to boiling water. This scale is still used in a number of coun- 
tries 


— the French priests DENISART and DE LA DEUILLE designed 
the first water-column machines; whether successful or not is 
not known 


— MICHAEL MENZIES constructed an improved threshing ma- 
chine driven by water, having an alleged efficiency of 40 thres- 
hers 


— JOHN KAY (1704—1774) invented in England a high-speed 
shuttle Ioom also (known as rebound or flying shuttle loom). 
Manual passing through its sled was mechanized by the said 
shuttle. Weavers were now able to weave wider fabrics, the 
weaving rate being doubled. This invention played a significant 
role at the beginning of the industrial revolution, since it called 
for a new design of spinning machines, that could supply these 
looms with enough thread 


— apparently the largest bell was cast at the Kremlin 


— EMANUEL SWEDENBORG of Sweden (1688—1772} published 
an outstanding book about the production of iron 


— the French chemist HENRI LOUIS DUHAMEL (1700—1781) in- 
vented the technical production of sal-ammoniac 

— the Englishman ABRAHAM DARBY (Jr.) (1711—1763) comple- 
ted successfully the experiments of his father with iron smelting 
in coke-fired blast furnaces. Coke-fired furnaces began to gain 
ground only after 1748 


1735 — the outstanding land surveyor and hydraulic engineer 
SAMUEL MIKOVINY (1700?—1750) works at the Stiavnica mines. 
He was one of the first to make a consistent use of; a triangu- 
lation method and stood behind a number of hydraulic construc- 
tion projects, mine ponds and channels 


— the first factory for the production of sulphuric acid in En- 
gland was founded in Richmond near London (the question is 
whether its manufacturing method was invented by the Frenchmen 
LEFEVRE and LEMERY or the Dutchman C. DREBBEL) 

— at SaStin in Slovakia opens the first manufacture producing 
cotton fabrics, which, with its 2000 home-working workers deli- 
vering semi-finished products and several hundreads of perma- 
nent employees, blonged to the largest in Europe 

— JONATHAN HULL (sometimes Hulls) (1699—1758) receives the 
first patent for a paddle-wheel boat propelled by Newcomen’s 
atmospheric steam engine. Whether his idea ever became a rea- 
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ity 18 not Known. In spite of that it marked the beginning of 
modern sea navigation. Many others continued Hull’s work even 
in 18" century — without any greater success 


1737 — instructions begin at the mining scholl at Bansk4é Stiavnica, 
which in the course of the following generation develops into 
one of the leading technical instruction centers in Europe 


1737—1753 — the Frenchman BERNARD FOREST DE BELIDOR (1697— 
1761) publishes his well-known work “Architecture hydraulique”, 
important for the knowledge of the development of water motors 


1738 — the Frenchman JACQUES DE VAUCANSON (1709—1782) con- 
structed in Paris a mechanical dummy flutist. From the technical 
point of view much more remarkable were his new proposals for 
the mechanization of water-driven looms (1745), which, unfortu- 
nately, were never built 


— LEWIS PAUL (died in 1759) was granted in England a patent 
for a cylindrical spinning or drawing machine. According to some 
reports a similar machine was invented already after 1730 by 
JOHN WYATT (1700—1766), with whom in 1741 Paul founded a 
mechanized spinning workshop, utilizing animal drawing power. 
This generation, however, did not witness any significant sprea- 
ding of mechanized spinning machines 

— appears the oldest news about railways, i. e. rail roads with 
iron rails. It was built in Whitehaven in England, its rails were 
made of cast iron. All previous rails were made of wood, some- 
times metal sheeted 


after 1738 — the research conducted by DANIEL BERNOULLI (1700— 
1782) and LEONHARD EULER (1707—1783) of Switzerland con- 
tributes to the improvement of a water wheel design, this time 
elaborated with scientific considerations in mind. This was appa- 
rent, e. g.on water wheels by the Englishman J. SMEATON (1724— 
1792) in the middle of 18 century 


1740 — the Englishman BENJAMIN HUNTSMAN (1704—1776) began to 
produce high-quality crucible steel near Sheffield in England. For 
more than a hundread years this method yielded highest-quality 
steel, in quantities, which were, unfortunately, limited 
— the Swiss MARITZ designed an improved boring machine for 
boring of gun barrels from solid pieces. Until this time the bar- 
rels were hollow-cast 


1741 — only after GEOFFROY’S invention hard soap replaces the ori- 
ginal soft soap 
— the Russian designer ANDREI KONSTANTINOVITCH NARTOV in- 
vented a quick-firing battery; it was composed of 44 smaller 


mortars, fixed in a horizontal circle to a gun carriage. The mortars 
formed a batter for salvo disperse fire 
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System of pumps for repumping of water from the mines, acc. to G. Agricola, 1556 
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Draining by means of a chain pump with water-wheel, G. Agricola, 1556 
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Water mill according to J. Besson, 1578 
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Assaying workshop according to Lazarus Ercker, 1577 
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Paper mill according to facopus Strada 
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TRAGCLNIARY SOE 


Otto Guericke demonstrates the proof of atmospheric pressure with hollow hemispheres, 
after 1655 
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Copper roasting according to Lazarus Ercker, 1577 
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One of the types of atmospheric steam engines of Thomas Newcomen, after 1712 


1742 


1744 


1745 


— ANDERS CELSIUS (1711—1744), the Swedish physicist and 
astronomer proposed a hundread-unit thermometer scale, accord- 
ing to which water boils at 0° and ice melts at 100°. It was CARL 
LINNE (1707—-1778) who turned the scale upside down as it is 
known today 

— the French chemist MALOUIN described a hot process of zinc 
coating 

— DANIEL BERNOULLI of Switzerland (1700—1782) proposed a 
magnet in the form of a horse shoe 


— the invention of indigo sulphonation is applied in wool] and 
silk dyeing. At the same time sulphuric acid is used for bleaching 
of flax and cotton fabrics. This leads to a large-scale production 
of sulphuric acid, especially by the distillation of vitriol, which 
became known as vitriol oil 


— the German EWALD GEORG KLEIJST (1700—1748) and inde- 
pendently of him also the Dutchman PIETER VAN MUSSCHEN- 
BROEK (1692—1761) invented at the same time Leyden jar, the 
first electric capacitor. It was used in many experiments of 18'* 


_ century and contributed a lot to the investigations of electricity 


1746 


1747 


1748 


— EDMUND LEE attempts to improve wind mills by an additional 
fan, that would turn the main shaft automatically against wind 
blow 

— CHRISTOPHER POLHELM (1661-1751) developed in Sweden 
calibrated cylinders for the production of steel bars. In 1747 
Polhelm invented reverse rolling 


— JOHN ROEBUCK of Britain (1718—1794) improved the pro- 
duction of sulphuric acid in lead chambers. This method reduced 
the original production costs to a mere quarter. Sulphuric acid 
was now available to rapidly developing textile industry 


— the Ecole des ponts et chaussées opens in Paris (originally 
under a different name) to become an institute of tradition in the 
system of the French technical education 

— the German chemist ANDREAS SIGISMUND MARGGRAF (1709— 
1782) discovered by microscope crystals of sugar in sugar beet, 
which fact laid theoretical foundations for the beet sugar manu- 
facture; its practical development, however, did not started until 
some 50 years later 


— the Englishman LEWIS PAUL (died in 1759) and DANIEL 
BOURN invented independently of one another a wool carding 
machine 


1748—1749 — the German designer WINTERSCHMIDT and in Slovakia 


JOZEF KAROL HELL (1713—1789) designed the first serviceable 
water-column machines for pumping of mines water. These piston 
machines (resembling steam engines) were driven by pressure 
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energy of a high column of water. Generally, in mining these ma- 
chines proved well and are often considered the culmination of 
the technology of mining of the feudal era in the sphere of power. 
The efficiency of Hell’s machine was 384 litres per minute raised 
from the depth of 148 meters 


1749 — M. ZIPPER introduced at Banska Stiavnica at the Spital vein 


a crosscut mining method 


around 1750 — improved are oil lamps for lighting. The first practical 


experiments with chimney cylinders are carried out. Invented at 
the same time was a screwing mechanism, displacing burnt wick 
not by direct pulling, but by turning of a small gear with sharp 
teeth. It is mainly rape seed oil, which is used for lighting 


— the first hot air central heating was installed in Petersburg; 
it became rather popular in America later 


— Europe learns about caoutchouc. In 1745 CH. M. DE LA CONDA- 
MINE introduces caoutchouc to the French Academy of Science, 
in 1751 FRESNEAU suggests that hoses, water proof dresses and 
other things could be made of this material 


1750—1754 — in Germany JAN ANDREAS SEGNER, native of Bratislava 


(1704—1777), performs experiments with a reaction turbine, called 
later after him the Segner wheel; it was significant for the occu- 
rence, of the first water turbines; later on it lead to the design 
of the reaction engine. Segner wheel was improved by LEONHARD 
EULER of Switzerland (1707—1783), who designed a primitive 
water wheel, having some practical applications 


after 1750 — potatoes became popular in Europe as a field culture, 
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changing radically the nutrition of poor population stratas. To 
a great extent potatoes became the main food of the emerging 
factory proletariat 


— in Western Europe and in England in particular, pitcoal begins 
to play a more significant economic role. In Bohemia and Moravia 
its significance remains negligeable 

— the leading Russian scientist MIKHAIL VASILYEVICH LOMO- 
NOSOV (1711—1765) contributed to the progress of scientific me- 
tallurgy and other branches of technology 

— machine carding of wool is spreading 

— appear the first primitive ,,matehes“, wooden sticks immersed 
in molten sulphur and white phosphorus; they were ignited by 
friction against a striking pad 

— single windows are doubled by adding another window to the 
face of the same sash 


— the Englishman STENDER built the first washer for washing 
of laundry 


1751 


— more comfortable diligences with suspension appear on the 
roads in Bohemia. At the same time this type of a light and mobile 
coach with two side bars and the body suspended high above them 
drives out in Bohemia heavy carosses 


— the first manufacture for silk fabrics was founded in Prague 


1751—1765 — 17 volumes with 4 supplements of the famous French 


1752 


»Encyklopédie ou Dictionnaire raisonné des sciences, des arts et 
des métiers“, which, apart from other things, proved to be an 
excellent source of knowledge of the progress of technology 


and inventions are published 


— DANIEL BERNOULLI of Switzerland (1700—1782) proposes a pro- 
peller wheel for the propulsion of boats. The following two gene- 
rations of technicians carried out experiments with this type of 
propulsion, for a long time without any apparent success 


1752—1754 — the American BENJAMIN FRANKLIN (1706—1790), the 


1753 


1755 


1756 


Czech PROKOP DIVIS (1696—1765) and the Russian MIKHAIL 
LOMONOSOV (1711—1765) independently of one another, con- 
structed a lightning rod and performed significant experiments 
with atmospheric electricity. The lightning rod represented the 
first practical application of the scientific knowledge of electrici- 
ty. In the days of wooden structures many towns and villages 
were saved from devastating fires 


— the Slovak JOZEF KAROL HELL (1713—1789) invents his pneu- 
matic machine based on the principle of a cushion tank; this ma- 
chine was intended for pumping of water from the mines of Ban- 
sk4 Stiavnica 

— the English physicist JOHN DOLLOND (1706—1761) built an 
achromatic telescope lens, compensating colour scattering 


— CH. F. WEISENTHAL tried to build a sewing machine, unfortu- 
nately without any practical success 


— the Parisian pharmacist QUINQUET improved cylinder oil lamps 
by replacing their metal cylinders by glass chimneys 


1757—1758 — the first police traffic rules are issued in Bohemia; when 


crossing Charles’ bridge in Prague both vehicles and pedestrians 
are directed to its right-hand side 


1758 — JOZEF KAROL HELL (1713—1789) builds in Slovakia an atmos- 


pheric steam engine of Newcomen’s type, having the power of 
12,3 HP (9,172 kW) 

— the Englishman EVERETT? designed a shearing machine for 
cloth 

— the leading English metallurgist JOHN WILKINSON (1728— 
1808) applied for a patent for sand moulding of tubes 
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1759—1761 — the English clockmaker JOHN HARRISON (1693—1776) 


1760 


after 


1761 


1763 


1764 


68 


built an excellent portable clock, a marine chronometer for the 
navigation purposes of unprecedented accuracy. The dates of this 
design differ. The accurate chronometer became an indispensible 
instrument in sea faring for the determination of geographical 
longitude. This problem had been a challenge for astronomers 
and clockmakers for centuries. At last it was Harrison’s chro- 
nometer which proved to be better than astronomy. It made rea- 
ding of absolute time at any point of the Globe possible 


— the Indian princ Hydar Ali armed a detachment of 1200 men 
with rockets having the range of 1,5 km and blew a heavy defeat 
to the British army at the battle of Guntur 

— the Russian mechanician RODION GLINKOV (his dates of birth 
and death are not known) invented a special machine with 30 
spindles for spinning of flax; although this machine was driven 
by a water wheel, it did not yet eliminate manual work, as later 
spinning machines did 


1760 — the first coal mines open in Bohemia in the region of 
Kladno; documents of that time show, that small-scale mining 
began also in the north Bohemian basin and in Moravia near Ro- 
sice and Ostrava 


— MICHAEL MENZIES invented a primitive coal wall undercutter. 
This was one of the first attempts of mechanized extraction; under- 
cutters began to spread some hundread years later 


— MICHAEL VASILYEVITCH LOMONOSOV (1711—1765) publishes 
his significant book about metallurgy called ,,The first founda- 
tions of metallurgy or the ore processes“ 

— further improvement of chronometers came from the French- 
man LE ROY. Since that time chronometers became a reliable aid 
in sea navigation 

— large cotton processing manufacture opens at Kosmonosy in 
Bohemia. Three spinning shops with 4000 workers in the region 
of Mnichovo Hradisté were supplying one weaving shop with 30 
looms 

— the mining college is founded at Banska Stiavnica; soon it be- 
came one of the most advanced technical schools of the second 
half of 18 century in the world 


— the English weaver and spinner JAMES HARGREAVES {(1720— 
1778) built the first practicable spinning machine, called jenny. 
One operator could attend eight spindles at the same time; the 
number of spindles soon increased to one hundred and more. The 
elimination of manual work from spinning now done by machines 
is considered to mark the beginning of a great historical] change, 
the first stage of the industrial revolution, replacing manual work 
in factories by machines 


1764—17668 — the Russian mechanician IVAN IVANOVITCH POLZUNOV 


(1728—-1766) built a two-cylinder atmospheric steam engine, dri- 
ving blast furnace blower at the Altai metallurgical plants. This 
was one of the first applications of the ,fire“ machine of this kind 
in addition to pumping of mine water. The two-cylinder piston 
machine was suited for continuous operation 


around 1765 — the Russian mechanician KOZMA DMITRYEVITCH FRO- 


1765 


LOV (1726—1800) built a railway at the Kolivansko-voskresenski 
iron works; the cars were pulled by ropes that were wound on 
drums, driven by a water wheel 


— the first attempts to use coal in a glass mill are made at the 
Ho¥ovice estate of count Vrbna. The practical applications of the- 
se processes began only in 19'* century 


— the Englishman JOHN SMEATON (1724—1792) tried to build 
a boring machine for cylinders of atmospheric steam engines, 
hoping to solve one of the vital problems of the initial production 
of these new mechanisms. The boring machine by Smeaton was 
not yet too successful 


1765—1769 — the Scottish mechanician JAMES WATT (1736—1819) de- 


1766 


1768 


signed a single-acting beam steam engine, for which he was issued 
the English patent. Watt improved the original Newcomen’s de- 
sign by separating the condenser and the vacuum pump and pro- 
viding the cylinder with a jacket; all this added significantly to 
the economy of the steam engine. With some additional design 
improvements the steam engine became a universal motor of the 
highest stage of the industrial revolution. The manufacturing 
workshops were no longer dependent on river water, the pro- 
duction was not affected by hydraulic power variations; the steam 
engine opened the way to the foundation of modern industrial ci- 
ties with concentrated industry. The increase of the engine power 
was no longer restricted by conditions of nature 


— the Society for tilling and liberal arts, later known as the 
Patriotic economic society was founded in Prague. It stimulated 
progress in agriculture and in some other branches of industry 
in Bohemta 


— CH. BERGNER applied for a patent for his stoves fired by pit- 


-coal in Prag. His invention did not spread yet 


— wire is produced by rolling 


— the Englishman JOHN SMEATON (1724—1792) designs a cylin- 
der blower for biasting of air in iron blast furnaces; this blower 
added to the increase of pig iron production. It was made of cast 
iron; this was also the beginning of the use of cast iron in engi- 
neering production 


— an industrial exhibition was held in London 


1769 


— the Englishman RICHARD ARKWRIGHT (1732—1792) contribu- 
ted to the improvement of a new design of spinning machines 
{with rollers and weaving flyers). Although not being the father 
of the idea (its genuine inventor was probably THOMAS HAITH), 
Arkwright promoted its use in his spinning shops. These new 
spinning machines (water frames) were suited for animal or 
hydraulic propulsion and could spun threads in weft and warp. 
They contributed to the factory production of threads. Alkwright 
is said to have been one of the pioneers of the system of factory 
production and of its thorough organization 

— the Austrian clockmaker D. RUTSCHMANN invented a differen- 


tial gear which he used in his astronomical clock. This invention 
found a significant application later in the automotive industry 


1769—1772 — the French army engineer NICOLAS CUGNOT (1725— 


1804) designed the first two serviceable steam vehicles, propelled 
by a two-cylinder atmospheric steam engine. The larger of the 
two was intended for transportation of guns and could move at 
4 km/h. This steam engine, however, crashed against the wall of 
the Parisian arsenal. It has been preserved at the museum Conser- 
vatoire des Arts et Métiers. Cugnot’s vehicle became the first se- 
rious foreshadow of motorized transport 


1769—1774 — the Private learned society, known later as the Royal 


Bohemian society for science was founded in Prague. Its objecti- 
ves — especially in the first generation — consisted of numerous 
practical and technical solutions, aimed at upgrading of the eco- 
nomic standard of the country 


1769—1779 — the English metallurgists JOHN WILKINSON (1728—1808) 


1770 


1771 


'70 


and ABRAHAM DARBY (1750—-1791), the grandson of the first iron- 
manufacturing Darbys, built the first cast iron bridge across the 
river Savern at Coalbrookdale; thus the foundations for the deve- 
lopment of the bridge architecture were laid 


— the English chemist JOSEPH PRIESTLEY (1733—1804) realizes, 
that caoutchous erases well either graphite or ink from paper; 
the manufacture of erasing rubber follows soon 

— P. M. HAHN designed a serviceable calculator for multiplication 


— the Englishman P. COOKE begins to drill wood by helical auger 
bits, which were practically the same as those used nowadays 


— JOHN BRANDT from Lawford in Essex built the first known 
all-iron plough; its production spread in the following century 


— in Crompton on the river Dervent in England opens the first 
modern factory, founded by RICHARD ARKWRIGHT. Propelled by 
a central source of propulsion (water wheel), it featured trans- 
mission mechanisms and production machines 


after 


1772 


1773 


1774 


— picric acid was used as the oldest man-made dye. It was made 
of indigo and nitric acid. This marks a significant development of 
synthetic dyes, affecting to a large extent further progress of che- 
mical industry in 19'* century 


1771 — the Englishman JOSIAH WEDGWOOD (1730—1795) brought 
to a considerable perfection the production of fine ceramic goods, 
exported to many countries 


— the Englishman JOHN SMEATON (1724—1792) improved on the 
basis of scientific calculations his atmospheric steam engine. Apart 
from Watt, Smeaton was a pioneer of scientific design efforts at 
the time, when a greater majority of inventors and designers re- 
lied on purely empirical considerations 


— KRYSTOF TRAUTGOTT DELIUS (1728—1779), working at the 
Academy of mining at Banskaé Stiavnica, publishes an extensive 
book called ,Anleitung zur Bergbaukunst“, which was the best 
publication about mining in 18"> céntury 


— the Swedish chemist CARL W. SCHEELE (1742—1786) discove- 
red chlorine and its considerable decolourizing power; his disco- 
very led to its later use for bleaching 

— JAMES WATT of Scotland (1736—1819) — in association with the 
factory entrepreneur MATTHEW BOULTON (1728—1809) in Bir- 
mingham, who financed his experiments — builds his first functio- 
ning single-acting steam engine. Since 1776 Boulton’s factory in 
Soho was delivering steam engines to mining, metallurgy and ma- 
ny other branches 


1774—-1775 — the Englishman JOHN WILKINSON (1728—1808)} built 


1775 


1776 


a much improved boring machine for gun barrels, which could be 
also used for boring of steam engine cylinders, in this way secu- 
ring their accuracy 

— the Englishman RICHARD ARKWRIGHT (1732—1772) invented 
a continuous process of carding, drawing and slubbing with ma- 
chine propulsion 

— J. RAMSDEN built an improved graduation machine for circle 
graduation 

— the London clockmaker A. CUMMING built a flush toilet with 
a water siphon trap 

— the American D. BUSHNELL built a turtle-like submarine, which 


was propelled by manual rotation of its propeller. It could be 
brought close to ships of the enemy, unable to destroy them at 
this stage yet 

— WATT’S steam engine is used for the first time as a source of 
propulsion for blast furnace blowers. This represents a conside- 
rable progress in further development of iron industry 
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1778 


1779 


— JAN CIZEK introduces at Lukavice in Bohemia a significant 
production of fuming sulphuric acid (concentrated). Its production 
in Germany started by several years earlier 

— the English mechanician BARRON constructed the first safety 
lock; in the following years it was further improved by the inven- 
tor JOSEPH BRAMAH (1749—1814) 

— WOLFGANG VON KEMPELEN, native of Bratislava, built a spea- 
king automaton; in the following years he built also other models, 
e. g. a chess player 


— SAMUEL TESEDIK (1741—1820) founded at Sarvos in Slovakia 
an industrial — economic institute, the first agricultural — in- 
dustrial school in Hungary. TeSedik was trying to promote gro- 
wing of clover and lucerne, house cattle breeding, etc. 

— The Englishman SAMUEL CROMPTON (1753—1827) contributes 
to further substantial improvement of cotton spinning machines; 


he designes his mull, i, e. a machine, which became a predecessor 
of future self-actors 


around 1779 — the workshop superintendant of the Russian Academy 


of Science IVAN PETROVITCH KULIBIN (1735—1818) built a num- 
ber of outstanding scientific instruments, clocks with automats, 
scales, etc. 


around 1780 — BONVALET'S press with engraved metal plates appears 


1780 


after 
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in fabric printing. Improved in the following period were roller 


printing machines using copper rollers. THOMAS BELL is credited 
for that 


— the Parisian clockmaker CARCEL invented a lamp, employing 
a small piston pump to feed oil in the burner, which was kept in 
motion by a clockwork 


— the less famous French designer PICKARD submitted an appli- 
cation for a patent concerning the use of a crank mechanism for 
the conversion of reverse motion of a steam engine to rotary mo- 
tion. Owing to his patent, James Watt could not use the same 
crank mechanism and had to invent a more intricate system of 
transmission 


1780 — the first attempts to build sowing machines are made; 
for the time being without any practical results 

— the industrial revolution begins in Britain. It marks a chan- 
geover from handicraft and manufacture types of production to 
the factory production, employing machines and new chemical 
and technological procedures. In the advanced stage of this revo- 
Jution a double-acting steam engine, as a universal motor, repla- 
ces the original traditional sources of propulsion. Machines are 
made by machines at last, in a large extent, by the engineering 
industry. The industrial revolution was completed at the time 
when factory production of goods began to prevail over the ma- 


nufacture ‘and handicraft types of production. Apart from many 
technological changes, the industrial revolution also brought about 
deep economic and social changes, creating a class of factory 
owners and the factory proletariat. The dates related to the course 
of industrial revolution differ. Nowadays it is believed, that it 
began to develop in the 80' of 18'" century in England, spreading 
gradually to America and Japan and towards the end of 19" cen- 
tury it was completed in the main industrial countries of the world 
— the Russian KOZMA DMITRYEVITCH FROLOV (1726—1800) be- 
came famous for his numerous hydraulic designs. Remarkable was, 
for instance, his underground water equipment at the Zmeinogor 
mine with water wheels 17 meters high, raising water from the 
shafts 


1781—1784 — the Scottish engineer AMES WATT (1736—1819) designs 


1782 


1783 


his classical beam double-acting steam engine with rotary motion 
conversion, completing his life-long efforts. He is issued a patent, 
which remained valid till the year of 1800. This machine spread 
soon to a number of branches of industry, contributing to the ulti- 
mate victory of the factory type of production. Throughout his 
lifetime Watt was building only low pressure steam engine, 
although he realized how powerful high pressure units could be. 
With safety in mind, Watt rejected them 


— a sowing machine was substantially improved by J. COOK 
— the first steam mill was set into operation in England 


— in Sweden SVEN RINMANN begins to manufacture the first 
kitchen enamelled ware 

— JOHN WILKINSON of England (1728—1808) introduces a steam 
propulsion of a forging hammer 

— the Frenchman JACQUES ETIENNE MONTGOLFIER (1745— 
1799) with his brother JOSEPH MICHEL (1740—1i1810) invented 
the montgolfier, a balloon filled with hot air, which could raise 
the first people to the sky. The first aeronauts with courage to 
fly were JEAN FRANCOIS PILATRE DE ROSIER (1756—1785) and 
FRANCOIS ARLANDES (1742—1809). The first of them perished 
soon after during one of his flights. This was the beginning of the 
era of exploration of the air and later on of the Universe by man 
— soon after the Montgolfiers the Frenchman JACQUES ALEXAN- 
DRE CHARLES (1746—1823) built a better balloon with hydrogene 
filling, whose first ascent and flight Charles took himself 

— the Belgian physician J. P. MINCKELERS (1748—1824) launched 
his first balloon filled with lighting gas 

— HENRY CORT of England (1740—1800) resolved the problem of 
bloom rolling of sheet metal and bars in rolling mills, which did 
not require any previous treatment. Rolling of iron became one 
of the characteristics of iron production since the industrial re- 
volution 
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— JOHN WILKINSON of England (1728—1808) runs his first expe- 
riments with a steam propelled rolling mill 


— ALESSANDRO VOLTA of Italy (1745-1827) constructed an 
improved electric capacitor 


1783—1784 — the Frenchman LEGER provided an oil lamp with a flat 


wick, which is used even nowadays. The Swiss AIME ARGAND then 
invented a burner with a hollow cylindrical wick with a screw 
adjustment, providing for air access both outside and inside the 
flame. The glass cylinder, which up to now was fixed above the 
flame was lowered to shield it as a smal] chimney. This lamp 
was no longer smoking 


1783—1788 — IGNAC ANTONIN BORN (1742—1791) invented an impro- 


1784 
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ved amalgamation of silver ores during his experiments conducted 
in Vienna and at Sklenné in Slovakia 


— HENRY CORT of England (1740—1800) received the English 
patent for turning pig iron into puddle iron in a puddling furna- 
ce, which could be fired by pitcoal. Iron puddling became the main 
process of large-scale production of forgeable iron until the inven- 
tion of casting processes of steel manufacture. The important 
thing was that the production of puddle iron was no longer de- 
pendent on charcoal, which England was critically short of. Until 
this time when charcoal was used as fuel, only countries which 
were rich in forests, such as Russia, Sweden, etc. could become 
leading powers in the production of iron. Puddling took place 
in reverberatory furnaces, where the fire chamber with coal was 
isolated from the processed iron 


— the townsman and blacksmith of Ceské Budé@jovice J. WUN- 
DERLICH built a sowing machine; it consisted of a seed box, 
roller seed mechanism, collecting through, coulters and shares. 
Unfortunately, owing to rather backward conditions of that time, 
there was hardly any application for this machine 


— WILLIAM MURDOCK of England (1754—1839), one of Watt’s 
collegues, designed a model of a high pressure steam engine. Due 
to Watt’s resistance these experiments were abandoned. In 1784 
Murdock also built a remarkable model of a steam vehicle 


— A. COCHRANE received the English patent for a closed coke 
furnace. By-products of coke were tar, pitch, ether, oils, etc. The 
coke furnace influenced further development of iron industry 


— EDMUND CARWRIGHT of England (1743—1823) invented a me- 
chanical loom. Mechanical weaving of fabrics, adding to mechant- 
zed production of threads, laid the foundations for the industrial 
manufacture of fabrics. The textile production became the main 
manufacturing branch in the first stage of the industrial revo- 
lution 


1785 


after 
1786 


1787 


1788 


— many inventors try to build a steam propelled ship. A certain 
success was scored by the American JOHN FITCH (1743—1798}, 
who demonstrated on the river Delaware a steam boat, whose 
steam engine was driving a system of rows. In the following years 
Fitch built several other steam boats and designed even a pro- 
peller 

— the Frenchman JEAN PIERRE BLANCHARD (1753—1809) crossed 
the English Channel in a balloon 

— in Bohemia begins the survey of Josephinean land register; — 
the filds were surveyed, designated and their yields recorded 

— LE BLANC in France {is trying to introduce interchangeable 
parts in the production of arms. For the time being his efforts 
failed; in the following development, however, his ideas prede- 
termined a modern mass production of engineering products 

— the French chemist CLAUDE LOUIS BERTHOLLET (1748—1822) 
used chlorine for bleaching, in this way laying the foundations 
of modern bleaching technology, which spread to a great extent. 
This contributed not only to textile production, but also to chemi- 
cal industry 

— JAMES WATT (1736—1819) used an automatic centrifugal go- 
vernor controlling the inlet of steam in a steam engine. This auto- 
matic governor is said to have been one of the first sophisticated 
examples of automation 

— steam propulsion in textile manufacture was applied to spinning 
shops in England. This is the origin of a modern type of factories 
with central propulsion distributed to individual machines by 
transmissions 

1785 — potatoes are used for large-scale production of spirit 


— at Sklenné in Slovakia was founded the first international 
scientific and technological society for mineralogy, chemistry, 
physics and their application in metallurgy. The society published 
its magazine called the Bergbaukunde 

— the German theologian S. SCHMIDT invented Litography; it had 
been known already in 16'" century, but faded into obscurity 

— the Englishman W. WATSON (1715—1787) improved the 
method of zinc coating of sheet metal, making its production 
feasible 

— JOHN WILKINSON of England (1728—1808) built a large iron 
boat weighing 70 tons. This was the first foreshadow of the futu- 
re development of ship building 

— the first rafinery of sugar cane opens at Zbraslav in Bohemia 


— ANDREW MEIKLE of Scotland (1719—1811) invented a servi- 
ceable threshing machine with a threshing drum (Some sources 
quote either the year 1784 or 1786) 


75 


1789 


— J. P. MINCKELERS (1748—1824) performs his first experiments 
with gas lighting of households 


— multi-colour printing of fabrics is introduced at Zakupy in Bo- 
hemia 


— WILLIAM SYMINGTON of England (1764—1831) together with 
P. MULLER built a paddle wheel steam boat achieving 5 miles/hour. 
Other Symington designs inspired later Fulton in building his 
successful steam ships 


— the French chemist NICOLAS LEBLANC (1742—1806) invented 
the first successful method of industrial production of soda, which 
became at that time one of the most important chemical products; 
it was indispensable for textile and glass industries and soap ma- 
king, etc. 

— the first hire cabs were introduced in Prague 


— clover and grains are experimentally fertilized by plaster in 
Bohemia 


— the first spinning machines in Bohemia appear at the manu- 
facture for the production of corduroy at Sumperk. It was the 
first indication of the beginning of the industrial revolution in 
Bohemia 


1789—1793 — the Schwarzenberg canal for timber floating was built 


1790 


between the Tifistoliénik and a tributory of the river Danube. It 
was 45 kms long with a tunnel measuring 415 meters. Its con- 
struction continued in the years 1821—1822. In fact it represented 
only a partial materialization of the old projects for the connection 
of the rivers Vitava and Danube, which originated during the 
reign of Charles IV. 


— the first ascent of a balloon filled with hot air took place 
in Prague. Together with the Frenchman JEAN PIERRE BLAN- 
CHARD (1753—1809) count Jaéachym Sternberk also ascended to 
the sky 


— the Englishman TH. SAINT built the first serviceable sewing 
machine with a chain stitch. It was intended for sewing of shoes 


— JOHN WILKINSON of England (1728—1808) invented a method 
of rolling of lead tubes and was issued a patent for a rolling 
mill stand. In 1792 Wilkinson designed a reverse stand for sheet 
rolling 


around 1790 — the Englishman BEETHAM built a washer, for washing 


of laundry by pressure 


after 1790 — sugar beat is experimentally grown in Bohemia to beca- 
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me later a basis for the development of renowned manufacture 
of Bohemian sugar. At this stage the experiments were not yet 
successful 


1791 


1792 


— JOHANN GEORG PAULAS opens the first porcelain factory at 
Horni Slavkov in Bohemia 

— the first industrial exhibition was held at the Prague Clementi- 
num on the occasion of the coronation of Leopold II. a king of 
Bohemia 

— M. KAG began to manufacture tar paper in Bavaria 

— used are corkscrew with a sleeve, pulling out corks by mere 
turning 


— the first telegraph line from Paris to St. Martin du Therre, so- 
me 70 km Iong, was built. It consisted of a large number of opti- 
cal telegraphs, which were designed one year earlier by the priest 
CLAUDE CHAPPE. Individual letters were delivered by readjust- 
ment of pole arms. A similar line with optical telegraphs is be- 
lieved to have existed several years earlier in Spain 

— In England are used the first refrigerators with sheet metal 
lining of partitions, containing cubes of ice 


1792—1799 — WILLIAM MURDOCK of England (1754—1839) performs 


1793 


1794 


his first experiments with lighting gas illumination. Lighting gas 
was produced at Boulton’s factory in Soho by dry distillation of 
pitcoal. In 1798 Murdock installed gas lighting in the workshops 
of this factory, thus indicating the future development of the 
lighting technique. In 1799 a patent for the utilization of lighting 
gas was granted to the French chemist PHILIPPE LEBON (1767— 
1804) 


— the first ship with a primitive jet propulsion was set in motion 
by the Englishman RAMSEY; its speed was over 6 km/hour 

— W. E. WHITNEY of America (1765—1825) built a cotton gin 
for processing of cotton 

— SAMUEL BENTHAM of England (1757—1831) applied for a pa- 
tent for his steam propelled saw 


— the Czech brewer FRANTISEK ONDREJ POUPE {1753—1805) 
publishes his two volumes of ,,Die Kunst des Bierbrauens phy- 
sisch-chemisch-dkonomisch beschrieben“. (The art of beer brewing 
with physical-chemical-economic reflections.) Poupé was the first 
in Bohemia to promote a scientific approach to the technology 
of beer brewing; he investigated new possibilities of brew con- 
trols, introduced thermometers (1788), areometers, densimeters, 
degermination of malt, etc. Beer brewing switches from the craft 
to the industrial production 

— the Ecole polytechnique was founded in Paris to become soon 
the best school of its kind. The instructions were mostly military 
oriented 

— the Englishman JAMES COOK built a cutting machine. At that 
time also other machines began to spread in agriculture, e. g. 
root crops slicers 
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— the English foundryman P. VAUGHAN announces his patent for 
ball bearings. In the following decades ball bearings were brought 
to perfection by a whole number of inventors, including Josef 
Ressel 

— NICOLAS JACQUES CONTE (1755—1805) applied for a patent 
for his coated graphite sticks and started an industrial production 
of pencils 


1794—1800 — HENRY MAUDSLAY of England (1771—1831) redesigned 


1795 


a carriage metal lathe. This carriage was provided with solid gui- 
des for its movement in both directions ‘along the worked piece 
and in the direction perpendicular to it. After 1800 the same lathe 
was adapted for cutting of threads. Maudslay’s lathe was suited 
for precision machining of pieces and represents the basis of mo- 
dern engineering production, which, from this time, begins its 
rapid development 


— NICOLAS APPERT of France (1749—1841) invents the method 
of food preservation by hot sterilization, which was needed by the 
French revolutionary army. The preserving industry, however, will 
start to develop only in the second half of 19'" century 


1795—1800 — ALESSANDRO VOLTA (1745—1827), the Italian physician, 


1796 
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constructed the first battery, capable of permanent feeding of 
electricity, which became known as the voltaic pile or the galva- 
nic cell (zinc, copper and diluted sulphuric acid). Volta was inspi- 
red by the experiments of another Italian LUIGI GALVANI (1737— 
1798) who, by performing vivisection of frogs, discovered an 
unknown energy, which he wrongly considered to be of animal 
origin. In the following decades voltaic cells enabled many other 
experiments, revealing prior to the discovery of induction (1831) 
the fundamental regularities of electric current, on which the 
whole future development of electrical engineering was based 


— JOSEPH BRAMAH of England (1749—-1814) invented an effecti- 
ve hydraulic press, one of the most important tools of the deve- 
loping engineering. Bramah is also renowned for his ingenious 
safety lock, designed already in 1784. The first water cocks with 
helical spindles were also invented by Bramah in 1795 


— the Englishman PARKER produced Roman cement. He was 
inspired by the finding of JOHN SMEATON (1724—1792) that alu- 
minate Mime could produce hardening mortar even in water. This 
discovery marks the reappearance of a construction material 
which, in a way, had been known to the old Romans, but forgotten 


— ALOIS SENEFELDER, mative of Prague (1771—1834)], invented 
a planographic method of printing known as litography, based 
on the repulsion of grease and water. This printing technique had 
a considerable influence on the modern development of letterpress 


1797 


1798 


1799 


end 


— the Frenchman JOSEPH MICHEL MONTGOLFIER (1740—1810), 
one of the inventors of the montgolfier balloon, was the first to 
build a spectal ram water pump 

— JOHN WILKINSON of England (1728—1808) opens the first 
steam iron rolling mill 

— the architect J. JAMES FINLEY (1762—1828) constructed the 
first puddle iron suspension bridge in the United States 


— J. GARNERIN applied for a patent for his parachute; to prove 
its safety, Garnerin jumped with it from a balloon. The parachute 
was improved then by many other persons, e. g. JACQUES ETIEN- 
NE MONTGOLFIER (1745—1799) or the famous aeronaut JEAN 
PIERRE BLANCHARD (1753-1809) 

— the Englishman JOHN WILKINSON (1728—1808) invented a cu- 
pola furnace for turning pig iron into finer cast iron. As for the 
future development, this invention meant a separation of cast fron 
from the production of pig iron 

— W. HANCOCK started the production of wire ropes in Bir- 
mingham 

— 728 km of state roads called chaussées were built in Bohemia 
— the Englishman WILLIAM MURDOCK (1754—1839) invents a sli- 
de valve gear for steam engines, thus beginning a long series of 
ingenious distribution systems, adding to the perfection of steam 
engines in 19" century 

— the English chemist SMITHSON TENNANT (1761—1815) intro- 
ducet bleaching by chlorinated lime and started its production 

— the first large technical museum called the Conservatoire Na- 
tional des Arts et Métiers, a pattern for all other technical mu- 
seums of modern times to emulate, was founded in Paris. Origi- 
nally the Parisian Conservatoire was not only a museum, but also 
an educational establishment 


of 18''century — begins specialized production of agricultural 
implements for the market. Until this time the implements were 
mostly made by the farmers themselves or with the help of local 
blacksmiths 

— apart from mines, factory railways are built in Britain also 
in large iron works. Public horse railways for transport of goods 
start to be built only at the beginning of the following century 
— CHARLES STANHOPE builds his first metal printing press, 
replacing in the following development the original manual press 
— uniform size of building bricks 115% y 2!4 inches is proposed 
in Germany. Bricks having nowadays dimensions 6,6X14X29 cms 
were used at the same time in Bohemia 

— the German mechanician GEORG FRIEDRICH REICHENBACH 
(1771—1826), a designer of astronomical and land surveying 
instruments, builds lathes with guide slides for the production of 
precision scientific instruments 
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— growing of potatoes is spreading also in Bohemia, contributing 
to the nutrition of broad masses of the population 


around 1800 — hoisting machines in mines are driven by steam engines 


1800 


after 


-— E. HOWARD prepared mercury fulminate 

— a Standard metric system is introduced in France. Defined as 
its fundamental units were a meter and a kilogram. In a rather 
slow process the system was gradualy taken over by other coun- 
tries of the Continent 


— the American ELI WHITNEY (1765—1825) introduces new 
methods of modern engineering mass production. The manufacture 
of rifles and arms in general is so precise, that the component 
parts, produced now in large series, become interchangeable. This 
principle was taken over by the whole modern factory industry 


— G. MEDHURST applies for a patent for remote propulsion of 
mechanisms by compressed air 


1800 — the first industrial engineering works begin to develop 
in England. It was precision and the first machines produced for 
the market, which contributed to an outstanding reputation of the 
engineering plant of MATTHEW MURRAY (1765—1826) in Leeds, 
surpassing in many respects Boulton’s and Watt’s plant in Soho. 
Another outstanding engineering plant was built by HENRY 
MAUDSLAY (1771—1831) 

— in 1800 expired the validity of Watt’s patent for a steam engine. 
A number of designers and inventors submitted new design con- 
cepts. RICHARD TREVITHICK (1771—1833) in England and OLI- 
VER EVANS {1755—1819) in America build the first high pressure 
engines. ARTHUR WOOLF (1766—1837) develops old projects of 
JONATHAN CARTER HORNBLOWER (1753—1815) and designs 
compound steam engines with multiple expansion. HENRY MAUD- 
SLAY (1771—1831) and many others design steam engines with 
direct rotary transmission without beams, etc. At the same time 
appear numerous designs of new systems of steam boilers {water 
tube boilers, flue and high pressure ones) and of steam distribu- 
tion systems. In the first decades of 19'" century steam engines 
underwent a rapid development to find applications in all bran- 
ches of industry and soon after also in railway and marine 
transports 

— thanks to the voltaic galvanic cells it is now possible to carry 
out a number of experiments with electric current. As early as 
in 1800 WILLIAM NICHOLSON and ANTHONY CARLISLE (1768— 
1840) succeeded in England in decomposing water by electrolysis. 


This was the beginning of a tremendous development of electro- 
chemistry 


1800—1873 — the industrial revolution, the transition from handicraft 
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and manufacture type of production to factory industry, takes pla- 
ce in Bohemia 


Wooden hand printing press, early 18th cent. 


Spinning shop in the cloth manufactory at Horni Litvinov, after 1725 
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Cloth shearing in the cloth manufactory at Horni Litvinov, after 1725 
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Weaving shop in the cloth manufactory at Horni Litvinov, after 1725 


Operation-of an atmospheric steam engine, 18th cent. 
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A lock by J. F. Schor, 1729 


Cloth-printing machines, early 19th cent. 
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N. Cugnot’s steam carriage, 1769—72 


Henry Maudlay’s lathe of 1802 compared with a hand-operated lathe 


Watt’s double-acting steam engine, after 1784 
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Landing of Jacques Charles’ balloon in 1783 


1801 


1802 


— the American ROBERT FULTON (1765—1815) demonstrates in 
France his submarine called ,,Nautilus“ with a propeller drive and 
sets for a successful sail with his propeller torpedo boat 

— the Frenchman JOSEPH MARIE JACQUARD (1752—1834) had 
been concerned with designing different types of pattern looms 
since 1790. In the period from 1801 to 1804 his renowned ,,fjac- 
quard“, automatic pattern loom was completed. The loom was con- 
trolled by punched cards. In principle this system is used even 
nowadays. Some authors believe, that some of his ideas were taken 
over from the French designer JACQUES VAUCANSON (1709—1782) 
— count RUDOLF VRBNA opens his first, not very successful, su- 
gar mill for sugar beet at Hofovice in Bohemia; in 1805 the mill 
was abandoned 

— the Englishman RICHARD TREVITHICK (1771—1833) takes his 
steam vehicle, which could carry 8 people, on Christmas Eve for 
its first successful ride. The vehicle was propelled by a high 
pressure steam engine. In the following years steam vehicles and 
even steam coaches were built by many designers. Steam road 
transport had not spread yet 

— the Englishman WILLIAM SYMINGTON (1764—1831) built 
a paddle wheel steamer ,,Charlotta Dundas“, 14 meters long and 
5,4 meters wide. This ship was capable of covering considerable 
distances 

— E. ADAM improves the distillation process by the invention of 
a column distillation apparatus 

— the first public horse railway from Wandsworth to Croydon 
opens in England. Up to this time horse railways were used only 
for factory or mine transport. This is the beginning of public rail- 
way transport, at this time transporting only goods. Originally 
these railways were only hired and the user had to use his own 
specially adapted car or coach 

— FRANCOIS CHARLES ACHARD (1753—1821), born tn a French 
family which left to live in Germany, experimented with tha 
methods of obtaining sugar from sugar beet. [In this way he con- 
tinued the work originally started by his father-in-law ANDREAS 
SIGISMUND MARGGRAF of Germany (1709—1782). In 1801 he built 
a sugar mill at Kunern; he laid the basis for the sugar production 
from sugar beet 

— the first steam-propelled threshing machines are used. A more 
ingenious steam thresher was designed later in 1811 by the re- 
nowned designer of locomotives RICHARD TREVITHICK of England 
(1771—1833) 

— the English designer HENRY MAUDSLAY (1771—1831) builds 
the first mechanical planes with steam propulsion 

— the Russian physicist VASILY VLADIMIROVITCH PETROV (1761 
—1834) and the English physicist HUMPHRY DAVY (1778-1829) 
independently of one another observed and described an electri- 
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cal are. For their experiments they employed powerful voltaic 
galvanic cells. In the following period they managed to produce 
electrical arcs between electrodes spaced up to 10 cms apart and 
underlined the possibility of constructing an electrical arc lamp. 
It took several decades before the electrical arc could be used for 
practical lighting and other technical purposes. After 1802 Humph- 
ry Davy also observed that a wire, when passed through by electri- 
city is brought to red heat, emanating light. This in principle 
showed the possibility of employing this phenomenon for bulb 
illumination z 
— the Englishman WILLIAM SYMINGTON (1764—1831) built the 
first ice breaker — a steamer which was intended for breaking 
of ice in ports 


1802—1807 — the Englishman RICHARD TREVITHICK (1771—1833) 


f 


1803 


builds the first serviceable steam locomotive for the iron works 
in Coalbrookdale and Panydarran in England. They could tow up 
to 10 tons of load and several dozens of people. Their operation, 
however, was hampered by the rails, which could not withstand 
such heavy loads. In 1807 Trevithick demonstrates one of his lo- 
comotives in the suburb of London 


— the department of engineering in Prague was reorganized and 
expanded by the Emperor’s decree from 1803 to become the Pra- 
gue polytechnical institute. The advocator and the first headmaster 
of this school became FRANTISEK JOSEF GERSTNER (1756—1832)}. 
This technical university of Prague, which opened in 1806 was the 
first polytechnical school in the world to educate young people 
for the country’s economy and not for military purposes. The Pra- 
gue polytechnical institute developed later in the Czech technical 
university and other technical colleges in Prague 

— rails made of forgeable iron were first used by the English 
engineer J. NIXON 


1803—1804 — the streets of London are for the first time illuminated 
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by lighting gas. The father of the whole idea was JAN WINZLER, 
allegedly a native of Znojmo in Bohemia. In England he was known 
as Winsor. The first gasworks society for the production and 
distribution of gas for public lighting, London and Westminster 
Chartered Light and Coke Company, was founded in the years 
which followed. (According to some authorities, gas lights appea- 
red in London streets after 1808) 

— the French scientist LOUIS JOSEPH GAY-LUSSAC (1778—1850) 
reaches with his balloon the altitude of 7016 meters where he 
performs his naturalistic experiments 

— the Englishman HUMPHRY DAVY (1778—1829) makes use of 
electrolysis to prepare potassium and sodium 

The electrolysis became the first field in which electricity was 
employed for the development of science, apart from its practical 
manufacturing applications 


1805 


— OLIVER EVANS (1755—1819) builds in America an amphi- 
bious steam vehicle suited both for ground and river transport 


— WILLIAM CONGREVE constructs a military rocket, capable of 
covering the range of 2,5 km 

— the English gas plant worker STONE invents a new slit — or 
butterfly burner for public lighting, providing for a better access 
of air and burning. This burner was then well proven in the 
decades which followed 


1805—-1807 — the Swiss major ISAAC DE RIVAZ designed the first 


1806 


automcbile with an internal combustion engine. It consisted of 
a primitive hydrogen gas engine with electric ignition. Authori- 
ties lack proofs showing that this vehicle ever became servi- 
ceable. Nonetheless Raviz was granted patent 


— the Frenchman JOSEPH NICEPHORE NIEPCE (1765—1833) to- 
gether with his brother built a special boat called pyroleophor. 
Its intermal combustion engine was driving a pump spraying a 
jet of water from the boat’s stern producing a reaction, driving 
the boat 


1806—1807 — FRANTISEK JOSEF GERSTNER (1756—1832) constructs on 


the soil of the Prague Polytechnics the first steam engine in the 
Habsburg monarchy. It was a double-acting steam engine with 
a separated condenser and direct conversion to rotary motion. 
It was used for instruction purposes only 


1806—1810 — the Russian PETER KOZMITCH FROLOV (1775—1839) 


1807 


built at Zmeinogorsk in the Altai a horse railway connecting the 
mines with the iron works 


— the American ROBERT FULTON (1765—1815) successfully 
completed the voyage of his steamer “Clermont” on the Hudson 
river from New York to Albany. He covered the distance of 150 
miles in 32 hours. A regular steamer service was started only one 
year later. In 1814 Fuiton also builds his first steam warship 
called “Demologus”. The steamers were propelled by paddles and 
Watt’s steam engines. His sailings on the Hudson river must be 
considered to mark the beginning of genuine public steamer 
transport 

— chamber sulphuric acid is for the first time produced in Bo- 
hemia at Lukavice near Chrudim 

— the Englishman WILLIAM CUBITT improved the efficiency of 
wind mills by providing them with vanes automatically responding 
to the intensity of wind 

— ROBERT STEVENS (1749—1838), the American pioneer of 
steamers (Fulton’s competitor) and steam railways, improves a 
paddle wheel propulsion by designing adjustable paddles 
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1808 


1609 


— in agriculture the system of alternating crops is experimen- 
tally introduced in Bohemia 


— B. COOK submitted a patent application for the manufacture 
of seamless tubes by drawing 


— ROBERT RANSOME receives a patent for his all-metal plough 
built from interchangeable standard component parts. This was 
the basis for the future factory manufacture of ploughs and the 
beginning of modern industry of agricultural machines 


— W. NEWBERRY designs a band saw and submits an application 
for its patent 


— the American ROBERT STEVENS (1749—1838) makes his first 
sea voyage aboard a paddle wheel steamer “Phinix” from New 
York to Philadelphia. For a long time to come these steamers 
could not dare to navigate at open sea far from the shores be- 
cause of the necessity of frequent refuelling 


1809—1810 — the Englishman GEORGE CAYLEY (1778—1857) studied 


the prospects of airplanes heavier than air and determined the 
main principles of flying, from which an unconditional need of 
an engine became apparent. He proved, at the same time, that 
a steam engine was not suited for this purpose 


1809—1832 — FRIEDRICH EGERMANN invents at Nov Bor agate glass, 


1810 


nacre and porcelain enamel, renowned lithyaline, yellow glazing 
and copper ruby. Olso count JIRI BUQUOY contributed to the 
progress of Bohemian glass making and is believed to have in- 
vented black glass called hyalite 


— PETER DURAND announces a patent for the manufacture of 
cans for preserved food made ef tin coated sheet metal. At the 
same time NICOLAS APPERT (1749—1841), a former pioneer of 
food preservation, also proposes to preserve food in closed cans 
and publishes a separate book covering this problem 


— the Frenchman PHILIPPE HENRI DE GIRARD (1775—1845) in- 
vents in France a mechanical spinning machine for flax. Earlier, 
mechanical spinning of flax yarn was a problem. Even Girard’: 
machine had not spread in France and its inventor left for Cen- 
tral Europe and then for Poland, where he founded large textile 
workshops 


— the first larger sugar mill for processing of sugar beet was 
built at Z4ky near Cdslav in Bohemia 


1810—1811 — FRIEDRICH KONIG (1774—1833), the inventor of Ger. 
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man origin, who migrated to England, designed a eylinder flat 
head printing machine, which could print ten times faster than 
a hand press. This invention contributed to a tremendous pro- 
gress of letterpress in the modern times 


1811—1812 — F. J. BELLANGER, the French architect, erected a large 


1812 


1813 


1814 


1815 


cupola above the grain market in Paris with an iron skeleton. 
Since that time iron skeletons began to appear in modern archi- 
tecture more and more frequently 


— the Englishman GEORGE STEPHENSON (1781—1848) used 
steam propulsion for pip mining of coal 

— the German electrical engineer settled in Russia PAVEL LVO- 
VITCH SHILLING (1786—1837) brought submarine mines to explo- 
sion by galvanic current. This experiment was first performed on 
the Neva river in Petersburg and then on the Seine in Paris 


— in England begins the manufacture of hollow burnt bricks 
with the idea of reducing the weight of civil constructions 


— the German KARL FRIEDRICH DRAIS (1785—1851) built a dre- 
sine, i. e. a primitive bicycle, which its rider propelled by his own 
feet touching the ground. This idea had been known earlier and 
even brought to reality. Drais himself invented a pivoted ma- 
noeuvrable front wheel. The patent was granted only in 1818 


— the Englishman GEORGE STEPHENSON (1781—1848] designed 
his first powerful steam locomotive for coal mine service. Its 
towing capacity was 30 tons. In the years that followed Stephen- 
son built a whole number of improved locomotives and in 1823 
founded a factory for their manufacture 


—in the Urals the Russian LEV IVANOVITCH BRUSNITSIN (1786— 
1857) puts into operation a washing placer equipment. This in- 
vention meant a revolution in gold mining in Russia 


— the first steam engine driving a fuller is installed at the cloth 
factory of CHRISTIAN WUNSCH in Brno. This was the first steam 
engine ever used in Bohemia for industrial application 


— the Englishman MATTHEW MURRAY (1765—1826) designed an 
improved metal planing machine for the developing engineering 
production. Murray became one of the pioneers of precision ma- 
chining in engineering. He founded a factory for steam engines 
and was the first to start the production of other types of ma- 
chines, tools and engineering equipments 


— the Englishman HUMPHRY DAVY (1778—1829) invented a sa- 
fety mine lamp with a metal gauze, preventing the ignition of 
mine gases by lighting. Earlier there had been frequent mine ex- 
plosions with many people killed. Independently of Davy a si- 
milar saefty lamp was also invented by GEORGE STEPHENSON 
(1781—1848) 

— the first Russian steam vehicles appear in Petersburg and in 
the Urals. The Urals’ steam vehicle was designed by AMMOS TCHE- 
REPANOV. Steam vehicles were used for transportion of ore bet- 
ween Upper and Lower Salda near Tagil 
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— J. EGG produced a serviceable primer. Its copper cap was 
filled with a mixture of gun powder and potassium chlorate. The 
primer was used for rifle shooting 


1815—1817 — FRANTISEK BRUNICH and JOSEF BOZEK (1782—1835), 


1816 


the masters of the workshops of the Prague polytechnical insti- 
tute, built independently of one another two steam vehicles; Bo- 
Zek makes a public demonstration of his vehicle in 1815 at the 
Stromovka park in Prague and repeats it again in 1817, together 
with the demonstration of his steam boat on the Vltava river. 
These inventions were to promote the use of steam propulsion in 
Bohemia 


— the Englishman EDWARD COWPER (1780—1852) announced 
a patent for a rotary printing machine, which had not spread to 
any larger extent 

— R. LEE built the first hanging bridge suspended from steel 
wires (at this stage not yet stranded wire} across the river Gala 
in England 

— the first modern concrete bridge is built across the river 
Dordogne in France 

— the steamer “Margery” for the first time crosses the English 
Channel 


— the German JOHANN MALZEL (1772—1832} designed a metro- 
nome 


— the German GEORG LANCKENSPERGER of Munich invents 
steering pivots for automobiles 


1816—1824 — the Frenchman JOSEPH NICEPHORE NIEPCE (1765— 


1818 
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1833) used zinc plates smeared by liquid asphalt to produce pictu- 
res, which he could also fix and etch off. This was the oldest 
heliogravure. In the following years these experiments contri- 
buted a good deal to the invention of photography 


— the Frenchman MICHEL EUGENE CHEVREUL (1786—?)} and 
H. BRACONNOT (1781—1855) begin to produce stearine in Paris. 
Large scale production of stearine candles could develop only 
after 1834, when the production of stearine became considerably 
cheaper 

— the first almost precision milling machine for milling of me- 
tals was designed by ELI WHITNEY of America (1765—1825). In 
the following years its design was further improved to become 
one of the fundamental machines of modern engineering. (Some 
authorities, however, doubt Whitney’s authorship) 

— THOMAS BLANCHARD (1788—1864) builds in America the first 
copying lathe for turning of irregular profiles 

— the Belgian NUELLENS began to use helical springs in upholstry 
and for mattresses 


1819 


— the sailing steamer “Savannah” crossed the Atlantic ocean. 
She used sails to cover a part of the voyage, not the engine. 
Coal, by which steam engines were fired, was too much of a load 
for crossing the Atlantic 


1819—1833 — B. H. WILSON of Scotland experiments with ship pro- 


pellers and provides them with frames, similar to those used by 
Josef Ressel 


around 1820 — steam central heating appears frequently in Western 


1820 


Europe and in England in particular. Ribbed radiator bodies were 
invented several decades later 

— the Englishman HENRY MAUDSLAY (1771—1831} manufactu- 
res the first precision bolts for engineering applications 


— the Danish professor of physics HANS CHRISTIAN OERSTED 
(1777—1851) found out for the first time, that electric current 
could deflect a magnetic needle and in this way to induce a 
magnetic field. He also recognized the relationship between mag- 
netism and electricity. In this way he laid the foundations for 
investigations of electromagnetism, stimulating at the same time 
efforts leading to a number of inventions in the field of electri- 
cal engineering 

— DE LA RUE invents a bulb with platinum filament. Many other 
inventors attempted to construct bulbs since then, with no practi- 
cal significance, because their bulbs did not last long. This si- 
tuation will be changed drastically more then 50 years later by 
Edison 

— J. BERKINSHAW receives a patent for rolled rails. They were 
cast iron rails which up to this time hampered the construction 
of railways in general 

— the Frenchman CHARLES THOMAS (also known as Charles 
Xavier de Colmar} constructed in Colmar a calculator, capable 
of performing a number of operations, e. g. multiplication, raising 
to power and extraction of the root. The machine itself was still 
rather imperfect 

— the Englishman ROBERT GOLDSWORTHY GURNEY (1793—1875) 
begins to build large road vehicles; these were used as the first 
buses in passenger transport. Public steam road service begins 
to develop on a small scale 

— J. SHOFFIELD in England designed the first centrifuge for 
wringing of laundry, which, in principle, is used also nowadays 
— QUINTENZ, the mechanician of Strassbourg built the first de- 
cimal balance 

— the first rolling mill in Bohemia is installed at the Ondfejovice 
iron works near Jesenik 

— the first larger engineering plant in Bohemia opens at Slapa- 
nice near Brno. Another significant engineering factory was 
founded at Harcov near Liberec in 1829—1830 
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1822 


1823 


1824 
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— the steamer “Rob-Roy” opens regular passenger ferry service 
across the English Channel 


— the first iron steamer “Aeron Manby” was built in England 
— the English physicist and chemist MICHEL FARADAY (1791— 
1867) constructed during his laboratory experiments with electric 
current and magnet the first laboratory electric motor. This, in 


principle, confirmed the possibilities of electricity as a new source 
of propulsion 


— F. FATTON made the first stop watch capable of measuring 
intervals of a second (mainly for horse races) 

—— a number of designers (HORROKS, JOHNSON, ROBERTS, HEIL- 
MANN and others} redesigned mechanical looms to enable their 
full incorporation in the factory production in British weaving 
shops 

— the Parisian citizen J. CONTE applied for a patent for pencils 
with adjustable graphite cores; these are commonly used nowa- 
days 


— the first steam goods railways were put into operation at the 
mines at Hetton in England 

— the Englishman W. CHURCH applied for a patent for his setting 
machine for printing industry. Whether his invention was ever 
used in practice is not known 


— the Russian brothers VASILY, GERASIM and MAKAR DUBI- 
NINS built the first equipment for the distillation of crude oil at 
the foot of northern Caucasus at Mezdok. Their kerosene was 


delivered under the name of photogene to a number of towns, 
including Moscow 


— the first serviceable internal combustion engine was designed 
by SAMUEL BROWN (1776—1852). It was an explosion engine for 
lighting gas, which was ignited by flame. It took several more 
generations to improve these engines before they could be put 
to a more valueable service for transport and production 

— JOHANN NEPOMUK FUCHS {1774—1856), the professor at the 


University of Munich, discovered water glass and its possible 
application in chemistry 


— the Englishman J. WHITE improved a differential gear and in 
1828 the French designer D. PECQUEUR received a patent for a 
differential gear intended for steam automobiles 

— T. HANCOCK introduces the production of artificial leather 
from caoutchouc ; 

— M. DE JONGH started to heat boilers by gases from coke fur- 
naces, with the aim of contributing to the economy of metallurgi- 
cal production 


— the Frenchman DELANGLE begins to manufacture the first 
spring mattresses 


1825 


— the Englishman J. ASPDIN (1779—1855) invented a new method 
of production Portland cement. These methods called for addi- 
tional improvements before this material could be used for some 
practical construction purposes 


— the Englishman RICHARD ROBERTS (1789—1804) improved 
Crompton’s spinning machine called a “mull” and designed a 
rather successful automatic spinning machine which became known 
as a self-actor. This machine, propelled by steam, worked auto- 
matically, without any skilled attendance. It represented the cul- 
mination of machine spinning at the time of the industrial revo- 
lution 

— the Englishman GEORGE STEPHENSON (1781—1848) opened 
a public steam train service between Stockton and Darlington. 
The speed achieved by these trains exceeded 20 kms/hour. The 
following years were more favourable for the development of 
goods transport; transport of passengers by private horse-drawn 
coaches still required renting of lines 

— GEORGE STEPHENSON determined the rails gauge as 1,435 m; 
it is still commonly used 

— the Russian architect YEGOR GERASIMOVITCH TCHELYEV 
(1771—-1838) investigated the properties of cement and explained 
its composition 

— the English electrical engineer WILLIAM STURGEON (1783— 
1850) found out that a soft iron bar becomes magnetic if pro- 
vided with turns of wire, with passing current. In principle this 
was the invention of electromagnet 


1825—1827 — the English inventor J. T. COOPER attempts to produce 


matches in London. The heads of his matches (called cracks} 
were made of sulphur and white phosphorus. Two years later 
JOHN WALKER (1817—1859) started the production of matches 
with heads made of a mixture of antimony trisulphide, potassium 
chlorate, Arab gelatine and starch. They were ignited by striking 
against a piece of glass paper. After the year of 1830 sulphide 
was replaced again by white phosphorus 


1825—-1832 — the horse railway between Ceské Budéjovice and Linz 


1826 


is being built. Upon the suggestion of FRATISEK JOSEF GERST- 
NER the idea of an old project of connecting the Vlitava river 
with the Danube by a canal was abandoned in favour of a rail- 
way connection between these two towns. It was actually built 
by Gerstner’s son FRANTISEK ANTONIN (1795—1840) and later 
by the Austrian MATHIAS SCHONERER (1807—-1881). This was 
the first long-distance railway on the Continent connecting two 
countries 


— T. TELFORD built a chain bridge across the Menais canal on 
the west coast of Great Britain, having the span of 176 meters 
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— the German chemist OTTO UNVERDORBEN (1806—1873) obtain 
aniline by dry distillation of indigo. This substance became later 
a basic raw-material for the production of synthetic dyes 

— the English priest P. BELL designed a serviceable mowing 
machine. Similar machines, but more modern, were built after 
1830 by CYRUS HALL MC CORMICK (1809—-1884)}, the founder of 
an agricultural machines factory in Chicago 

— JOSEF RESSEL, born at Chrudim in Bohemia (1793—1857) is 
testing his small boat propelled by Archimedean propeller on the 
seashore at Terst. In the following years Ressel was granted the 
Austrian privilege for a ship’s propeller located at the bow 


1826—1827 — the Russian metallurgists VASILY VASILYEVITCH LU- 


1827 


1828 
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BARSKY (1795—1852) and PETER GRIGORYEVITCH SOBOLEVSKY 
{1782—1841) investigated the technology of platinum and inven- 
ted a new method of making platinum products from powder 
platinum. This marked the beginning of powder metallurgy 


— the wooden paddle wheel steamer “Curagao” sails for the first 
time from Europe to Northern America, propelled exclusively by 
steam and without sails 

— the French mining engineer BENOIT FOURNEYRON (1802— 
1867) built the first serviceable water turbine, the output of 
which was 6 HP (4,47 kW). The original proposals came from 
his teacher CLAUDE BURDIN (1790—1873). The efficiency of the 
first Fourneyron’s turbines was suprisingly high, up to 80%. 
Soon after these turbines were used for driving of weaving shops, 
metallurgical workshops, etc. Their outputs were about 50 HP 
(37,31 kW). These turbines were exported to many countries 

— the cousins FRANTISEK VEVERKA (1799—1849) and VACLAV 
VEVERKA (1790—1848) invented an improved plough, by which 
soil was not only turned up but also loosened. This system spread 
soon to a number of countries 

— the German JOHANN NIKOLAUS DREYSE (1787—1867) invented 
the first practicable breech loader. Called a Ziindnadelgewehr in 
German needle gun, it was provided with a percussion lock. Since 
1840 this rifle was used by the Prussian army 


— JAMES BEAUMONT NEILSON of Scotland (1792—1865) re- 
ceived a patent for hot blast stoves facilitating blast furnace pro- 
duction of iron. This equipment brought about a suprising impro- 
vement of pig iron production 

— the year of foundation of the Vitkovice iron works, which soon 
began to introduce progressive technology of iron production in 
Moravia 

— the American JOHN THORP invented a ring spinning machine, 
which, when improved by MASON, became a fundamental ma- 
chine in all modern spinning shops 


1829 


— the first serviceable sewing machine was built by the French- 
man BARTHELEMY THIMONNIER (1793-1857) (already featu- 
ring a needle and a hook). In the following two decades sewing 
machines were improved by many other designers. They began 
to spread, however, only in the half of 19" century 

— the Englishman GEORGE STEPHENSON (1781—1848) finished 
the construction of a railway line connecting Liverpool with 
Manchester. A competition for the best locomotive was held at 
Rainhill. The winning “Rocket” by Stephenson attained an unpre- 
cedented speed of 46 kms/hour and soon after the competition 
even 60 kms/hour. This was a milestone marking the victory of 
a steam railway service for the century which followed 


— born at Chrudim, JOSEF RESSEL (1793—-1857) demonstrated 
at Terst his steamer “Civetta”, which was driven by a propeller. 
After a successful start confirming the merits of a marine pro- 
peller, its steam engine broke down. Among other designers of 
marine propellers Ressel is noted mainly because of his correct 
placing of the propeller at the stern between the post and the 
rude?2r. {In 1826 Ressel still designed propellers mounted at the 
bow J) 

— single-stage compressor for pneumatic drive was invented by 
W. MANN. The beginnig of pneumatic drilling in mining and 
tunnel driving dates back to 2™4 half of 19' century, however 


— the first sugar mill processing sugar beet in Bohemia, which 
became really well proven, was founded at Datice 


around 1830 — the first steam omnibus lines open in London, Paris, 


1830 


1831 


Brussels and in other towns. The steam vehicles of that time were 
capable of attaining up to 50 kms/hour 


— the Englishman HENRY MAUDSLAY (1771—1831) makes his 
first precision micrometers for engineering purposes. They spread 
only in the latter half of 19'* century 


— the first puddling furnace in the Habsburg monarchy was 
erected at Vitkovice, processing successfully pig iron into for- 
geable material 


— the Englishman MICHAEL FARADAY (1791—1867) and the 
American JOSEPH HENRY (1797—1878) invented independently of 
one another electromagnetic induction; its principle is used even 
nowadays in power generation. Faraday himself built and de- 
monstrated before the Learned Society an experimental small 
dynamo for the generation of electric current. This was one of 
the inventions determining the character of our present-day civi- 
lization. The first current generating electrical machines were 
magnetoelectric units with permanent magnets, as designed after 
1831 by a number of inventors, e. g. already in 1832 the Parisian 
mechanician HYPPOLITE PIXII 
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1831—1834 — the sugar manufacturer KARL WEINRICH (1800—1860) 


1832 


and the chemist FRIEDRICH KODWEISS (1803—-1866) invented a 
new method of beet sugar production, which became known as the 
Bohemian way. Crude beet juice was clarified by diluted sulphu- 


ric acid and lime paste. This technology spread soon to all sugar 
mills in Bohemia 


-- a city horse street car service opens between New York and 
Harlem. In the following decades this kind of city transport was 
adopted practically by all world cities 

— the Frenchman FABER DU FAUR makes use of blast furnace 
gas for hot blast stoves in the production of pig iron 

— the physicist PAVEL LVOVITCH SHILLING (1786—1837) created 
the first electrical telegraph, which could be used for practical 
purposes. He built a telegraph line between the Winter Palace 
and the Ministry of transport in Petersburg. The signals were 
relayed by six pairs of magnetic needles 

— the Belgian J. A. PLATEAU and the Austrian S. STAMPFER 
produce the first stroboscopic discs with resolution of stages of 
motion. Owing to looming the rotating discs created an impression 
of motion. These were the early origins of the development of 
modern cinematography 

— J. HEATCOATE believes that steam propulsion could be made 
used of in tilling; the plough was towed by a rope, which was 
taken up by a drum of a steam locomobile. This method became 
indeed used quite frequently in the following decades 

— W. HUNT innovated the design of a sewing machine 


after 1832 — the French physicist and mathematician ANDRE MARIE 


1833 
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AMPERE (1775—1836) invented the first magneto-electrical ma- 
chines (permanent magnet dynamoes) current collectors, also 
known as commutators. A two-part collector was designed after 


1838 by the English inventor of electromagnet WILLIAM STURGEON 
(1783—1850) 


— in Dirrenberg in Germany opens the production of brown coal 
briquettes 

— founded is the Unity for the encouragement of industry in Bo- 
hemia, which in the first stage of its development contributed a 
good deal to the promotion of technical work in Bohemia and Mo- 
ravia 

— the Germans KARL FRIEDRICH GAUSS (1777-1855) and WIL- 
HELM EDUARD WEBER (1804—1891) built the first electromagne- 
tic telegraph with two lines in Géttingen in Germany, measuring 
1,2 kms 

— the English mathematician CHARLES BABBAGE (1792—1871) 
was concerned since 1822 with designing of calculating machi- 
nes and in 1833 he demonstrated his differential calculating ma- 
chine before the Swedish academy. In 1848 he began to build 


after 


1834 


a larger “analytical machine” which was designed to operate on 
the same principles as modern computers (in a mechanical way, 
naturally). Not even his son H. P. BABBAGE could complete its 
development in the years 1880—1910 

— the first buds of a line production appear in the foodstuffs 
industry in Britain; semi-finished products travel on the line from 
one operation to another. Later on this system was developed in 
America 

— JOHN ERICSSON of Sweden (1803—1889) investigated from 
1833 the possibilities of building a hot air machine; eventually 
he succeeded in designing a serviceable hot air machine having 
a considerable output. The efficiency of these machines was too 
small, frustrating Ericsson’s original hopes 


1833 — the Englishman JOSEPH WHITWORTH (1803—1887) refi- 
ned the operations of helical threads cutting 


— printing of fabrics was refined since 1785 by roller printing 
machines by BELL, NICHOLSON and PARKINSON. In 1834 the 
Frenchman PERROT builds his famous perrotine. It replaced se- 
veral dozens of printers and unskilled workers 

— A. DE MILLY employs new processes to make the production of 
stearine cheaper; in the following period stearine replaced wax 
in the mass production of candles 

— the Englishman JAMES SMITH innovates spinning machines 
called self-actors to make all the operations — including the 
secondary ones — fully automated 

— the American JACOB PERKINS (1766—1849} obtained a patent 
for refrigerating machines with ether vapours, coil and evapo- 
rator. It took several other improvements fe. g. refrigerating ma- 
chines for compressed air) before the significant refrigerating 
industry could develop in the last third of 19*® century. Perkins 
also became known as a designer of high-pressure steam engines 
— the Swiss SULZBERGER built the first roller flour mill 


1834—1838 — MORITZ HERMANN JACOBI (1801—1874), of German 


1835 


origin but living in Russia, built a serviceable electric motor. To 
prove its efficiency Jacobi used his electric motor in a boat which 
was the first to sail against the current of the river Neva in 1838. 
The motor was operated by a battery, consisting of 320 galvanic 
cells. This was the first exploitation of an electric motor, which 
became the most frequently used source of power of our times. 
After Jacobi similar motors were also built by PAGE, DAVEN- 
PORT, STRATINGH and others 

— the American SAMUEL COLT (1814—1862) apitied for a pa- 
tent for his cylinder revolver. For its large-scale production Smith 
built a whole factory, where he fully applied the principle of in- 
terchangeable standardized parts. This was his contribution to 
the progress of modern engineering 
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1836 


1837 
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— the Russian inventor ALEXANDER ALEXANDROVITCH SABLU- 
KOV (1783—1857) designed a centrifugal pump for raising of 
water from the mines; an innovated version of the same pump 
was designed in 1838. Sablukov also designed powerful mine cen- 
trifugal fans for the Altai mines (from 1832) 


— the Dutchman S. STRATINGH built in Groningen the first electric 
automobile which was driven by an electromagnetic motor. His 
idea had many followers soon 


— the cotton entrepreneur EDUARD LEITENBERGER from Zéku- 
py (1794—?) invented a printing machine for fabrics which was 
called a leitenbergine 


— the Englishman FRANCIS PETTIT SMITH (1808—1874) obtained 
a@ patent for a marine propeller including its location, which had 
been used earlier by Josef Ressel 


— PAVEL LVOVITCH SHILLING (1786—1837) built in Petersburg 
an experimental telegraph line around the headquarters of the 
Admiral-in-Chief 


— the first machine, combining a reaper with a thresher is pa- 
tented and built 


— starts the construction of a steam railway line from Vienna 
via Moravia to Bochnia in Galicia 


— the Frenchman PETZOLD used for centrifuging and drying of 
wet laundry a fast revolving perforated drum, which is used for 
the same purpose even nowadays Y 
— the Englishman WILLIAM COOKE (1806—1879) and CHARLES 
WHEATSTONE (1802—1875) built in England the first railway tele- 
graph line which was 50 kms long 


— the Russian DIMITRY ANDREYEVITCH ZAGRAZHSKY (1807— 
1860) received a privilege for caterpillar iron chain or bands for 
vehicles; later on these enabled building of tractors 


— opens the first Russian steam railway between Petersburg and 
Tsarskoye Selo. Among its contructors were the Czech engineers 
headed by FRANTISEK ANTONIN GERSTNER (1795—1840) and 
JAN PERNER (1815—1845) 


— the German JOHANN PHILIPP WAGNER (1799—1879) invented 
an electric bell 


— an adjustable spanner for tightening of bolts with adjustable 
jaws and a setting screw was invented by Frenchman LE ROY- 
TRIBOU 


— the first coke blast furnace for the manufacture of pig iron in 
the Czech lands was blown at Vitkovice. It took a whole genera- 
tion before the majority of Czech foundries switched over from 
charcoal to pitcoal 


1837—1839 -—- MORITZ HERMANN JACOBI (1801—1874) discovered in 


Petersburg a method of metal plating of objects by electric 
current called galvanoplastics. The technique of making copies 
by electrolysis and the technique of electrolytical metal plating 
soon began to penetrate industrial production. This was the first 
application of electricity for industrial purposes 


1837—1841 — the Russian PAVEL PETROVITCH ANOSOV (1797—1851) 


discovered a method of producing cast hardened steel. Known 
also became his production of damascened steel at the Zolo- 
tousteckaya armoury. Anosov studied the changes in properties 
of materials to which various additives were admixed 


around 1837 — paraffin candles are used for lighting 


1838 


1839 


— the propeller steamer “Archimedes”, built by JOHN ERICSSON 
(1803—-1889) and FRANCIS SMITH (1808—1874) successfully com- 
pletes a long history of attempts to employ propellers for the 
propulsion of vessels. Their ultimate success, however, was made 
possible by the invention of new high speed engines in conjun- 
ction with which the use of propellers became fully justified 

— the first large all-metal paddle-wheel steamer “Great Western” 
is being built in England to open a regular transport service 
between England and America. The “Great Western” crossed the 
Atlantic in a record time — 15 days 

— the paddle-wheel steamer “Queen Mary” arrives at Dééin for 
the first time 

— SAMUEL BROWN takes his first sails with a motor propeller 
boat, which was driven by a gas engine. This engine worked on 
the principle of atmospheric engines 

— JAMES NASMYTH of Scotland (1808-—-1890) designs a large 
steam hammer intended for forging of crankshafts for steamers. 
In 1841 the hammer is really built 

— the Scottish engineer WILLIAM FAIRBAIRN (1787--1874) in- 
vented a steam riveting machine. He is also noted for numerous 
improvements in ship building and boiler manufacture 

— the American CHARLES GOODYEAR (1800—1860) invented hot 
curing of rubber and started to produce elastic rubber goods. 
His invention found its main application later in the production 
of automobile tyres 

— the American R. HARE built the first electrical arc furnace for 
the production of iron 

— the Frenchman MAILLE receives a patent for his special kiln 
for burning of bricks called annular kiln 

— MORITZ HERMANN JACOBI (1801—1874) builds a telegraphic 
line along the railway from Petersburg to Tsarskoye Selo and in- 
vents a method for electromagnetic recording of messages 

— opening of steam railway between Vienna and Brno 
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— the French engineer TRIGET devised a caisson method of 
driving of shafts; since 1841 this method was used in coalmines 
in France 

— JOHANN GEORG BODMER of Switzerland (1787—1864) invented 
a turret lathe with vertical spindle; Bodmer contributed a good 
deal to the improvement of various machine tools and to the 
standardization of interchangeable parts 

— the Frenchman LOUIS JACQUES DAGUERRE (1787—1851), con- 
tinuing in Niepce’s experiments, found out that mercury vapours 
could produce a picture which was invisibly captured on a silver 
plate, which was acted on by iodine vapours. His invention be- 
came known as daguerreotype, the basis for the technique of 
photography 


1839—1840 — the English physicist WILLIAM HENRY TALBOT (1800— 


1877) found out that galjJnut acid could develop negatives on a 
sensitive paper with a layer of silver chloride. For fixing Talbot 
used a solution of potassium bromide. This was another signi- 
ficant progress in the development of photography 


18395—1841 — the Czech engineer BEDRICH SCHNIRCH (1791—1868) 


1840 
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designs and builds a chain bridge across the Vlitava river in 
Prague near the Spiners’ Island. His other design works also 
contributed to the improvement of the technology of building of 
chain bridges. He built the first railway bridge in Vienna 


— the Russian metallurgist PAVEL PETROVITCH ANOSOV (1797— 
1851) invented an original equipment for washing of auriferous 
sand and discovered a new method of winning of gold by re- 
melting sand into auric cast iron to be dissolved in sulphuric acid 
— the Slovak physicist JOZEF MAXMILIAN PETZVAL (1807—1891) 
refined daguerreotypy and studied an anastigmatic objective. 
Thanks to his calculations it was possible to build a three-lens 
objective with high speed of lens. This invention was taken over 
by the Voigtlander company producing modern cameras 

— the Russian scientist A. A. KLAUS (1796—1864) contributed to 
the development of affinage of platinum, iridium, osmium, rhute- 
nium and others 

— the first electric clock was designed by A. BAIN. Its mecha- 
nism received current impulses from its own generator 

— appeared first bicycles provided with treadles. They were 
built by the Scottish blacksmith named KIRKPATRICK MACMILLAN 
in Dumfriesshire in Scotland and first fitted.on his tricycle. Its 
driver was pedalling two horizontal pieces of wood that were 
connected to the bicycle by cranks 

— corrutaged roofing was first applied to cover the English 
railway station in East Counties 

— in Pittsburg, USA, is built the first suspension bridge with 
steel wire ropes 


Trevithick’s Londoner Strassen-Locomotive 1808. 


One of the first Richard Trevithick’s carriages, early 19th cent. 


Demonstration of Trevithick’s steam locomotive in London, 1807 
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Track car according to the invention of K. F. Dreis, 1813 


Model of the steam carriage invented by ]. Brozek, 1817 
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Traffic on the horse-drawn railway between Ceské Budéjovice and Linz, after 1830 


Gurney’s steam omnibus for 18 persons, 1827 


Interior of a Czech engineering workshop at the time of the Industrial Revolution 


Horse-drawn streetear in Vienna, middle of the 19th cent. 


— the German chemist JUSTUS LIEBIG (1803—1873} publishes 
his book “Die organische Chemie in ihrer Anwendung auf Agri- 
kulturchemie und Physiologie” (“Organic chemistry and its appli- 
cation in agriculture and physiology”}. He founded a world fa- 
mous chemical laboratory in Giessen. He also ascertained circu- 
lation of matter in organic and inorganic natures and the mode 
of plant nutrition. Liebig laid the basis of agrochemistry. His plo- 
neering views of fertilization of soil by mineral soils were of 
a considerable significance for further development of agricul- 
ture 


1840—1844 — the American painter SAMUEL FINLEY MORSE (1791— 


1841 


1872) was concerned since 1833 with the idea of a telegraph. In 
1840 he began to construct serviceable apparatuses and in 1844 
Morse built then the longest telegraphic line between Washington 
and Baltimore, which was 64 kms long. For his telegraph Morse 
also invented a special sign alphabet consisting of dots and 
dashes, which bears his name until today. In the following years 
Morse’s telegraphic system became widely spread 

— the English captain ANDREWS demonstrates the paddle-wheel 
steamer “Bohemia” on the Vltava river in Prague 

— agricultural production begins to apply artificial (synthetic) 
fertilizers, first superphosphates and ammonium sulphate. Thanks 
to fertilization productivity in agriculture grew rapidly 

— the Czech naturalist JAN EVANGELISTA PURKYNE (1787— 
1869) refined Stampfer’s stroboscope by dividing the discs in pic- 
ture and slit disc. Purkyné developed this instrument further and 
called it a kinesiscope. Already in his time Purkyné correctly 
envisaged the future development of cinematography 

— the first block systems and semaphores appear in railway 
transport 

— the Englishman JOSEPH WHITWORTH (1803—1887) initiated 
the standardization of bolt threads in accordance with a system 
which bears his name until] our days and is in use in the Anglo- 
saxon world. Whitworth at the same time redesigned semi-auto- 
matic machines for thread cutting, which became known as bolt 
cutters 


1841—1846 — the first horse railway in Slovakia is built from Brati- 


1842 


slava to Trnava 

— the Russian chemist NIKOLAY NIKOLAYEVITCH ZININ (1812— 
1880} invented a method of producing aniline from pitcoal tar 
with nitrobenzol as an intermediate product. This method became 
known as Zinin’s reaction. Artificially produced aniline became an 
initial raw-material for the production of artificial dyes, medica- 
ments and other chemicals. The German chemist C. J. FRITZSCHE 
is also noted for having contributed to the invention of artificial 
aniline 
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1842—1845 — MORITZ HERMANN JACOBI (1801—1874) designed in Rus- 


sia a needle telegraph with a type keyboard for sending of messe- 
ges 


1842—1847 — the British captain HAYES sailed around the Globe aboard 


1843 


1844 


1845 
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the steamer ,,Driver“ 


— the Russian scientist PETER ROMANOVITCH BAGRATION (1818 
—1876) published his thesis about the conditions of gold and sil- 
ver dissolving in a cyanide process, constituting today the basis 
for contemporary hydrometallurgy of gold 

— a design patent of a coal cutting machine working on a prin- 
ciple of a circular saw is submitted in England. The actual use 
of these machines did not begin until the 60" of 19** century 


-- the German FRIEDRICH GOTTLIEB KELLER (1816—1895) devi- 
sed a method of producing paper from mechanical pulp. Mechani- 
cal pulp was obtained by grinding of wood 

— the Austrian FRANZ UCHATIUS built the first apparatus for 
the projection of stroboscopic pictures based on the principle of 
magic latern 

— the Englishman E. GALLOWAY received a patent for the pro- 
duction of floor covers made of crushed cork bonded by guttaper- 
cha. In principle this was the first linoleum 

-—- the French physicist LEON JEAN FOUCAULT (1819—1868) de- 
signed an are lamp with carbons made of retort coal. He also 
built an electromagnetic mechanism for maintaining a constant spa- 
cing between the electrodes. This was the first arc lamp ever 
used in practice — for the time being only for special purposes, 
e. g. for special light effects in theatres 

— the Czech L. E. CULIK from Vojtovice built a model of a setting 
machine for letterpress incorporating 120 keys 


— the English professor of physics CHARLES WHEATSTONE (1802 
—1875) applies for a patent for his idea to substitute permanent 
magnets of magnetoelectrical machines by electromagnets. Wheat- 
stone’s electromagnets were energized by galvanic cells. This ma- 
chine had a separate excitation circuit. Modern dynamos with 
self-exsitation were invented two decades later 

— the Austrian engineer ALOIS NEGRELLI (1799—-1858) elabora- 
ted the project of the Suez Canal. Apart from that Negrelli also 
contributed to the construction of railways in Bohemia 

-—— ends the construction of a railway line from Olomouc to Pra- 
gue. Its portion between Pardubice and Prague was to a greater 
extent the work of the Czech engineer JAN PERNER (1815—1845); 
he died when passing through a tunnel at Chocefi 

— the Frenchman NICOLAS FLOBERT (1819—1894) designed his 
famous small bore rifle, which was later called after him 


— the Englishman R. W. THOMSON was granted a patent for the 
production of pneumatic tyres which were made of caoutchouc 
and filled with ‘air; his invention, however, fell into oblivion 
without any response 


1845—1846 — the American ELIAS HOWE (1819—1867) designed a two- 


stitch sewing machine with a shuttle. In principle Howe innovated 
its original design by W. HUNT from 1832. It was this machine 
which later on initiated the manufacture of popular Singer’s se- 
wing machines 


1845—1847 — the professor of the Prague polytechnical institute KARL 


1846 


JOSEF NAPOLEON BALLING (1805—1868} publishes his work in 
four volumes called ,Die G&hrungs-chemie“ (The Fermentation 
Chemistry). It influenced the following development of beer bre- 
wing and other branches of foodstuffs industry. Known became 
Balling’s densimeter from the years 1852—1855 

— the American RICHARD M. HOE (1812—1886) built a high 
speed rotary printer enabling a speedy progress of journalism 

— the German professor of chemistry in Basle CHRISTIAN 
FRIEDRICH SCHONBEIN invented a production method of gun- 
cotton — the nitrocellulose, which became one of the bases for 
modern industry of explosives. Schénbein also discovered in 1846 
a collodion to be used later in the preparation of ,wet“ photo- 
graphic plates 

— FLORENTIN ROBERT (1794—1870) performs the first experi- 
ments with diffusion at the sugar mill of Zidlochovice, for the 
time being without any considerable success 

— the first street gas lighting is turned on in Prague 

— JAN VANA, the son of a miner from the Hofovice region, disco- 


.vered the main coal sea] at Kiadno. Soon after that the first pit 


was dug out at the place of V4ma’s discovery. A seam which was 
7 meters thick was found in the depth of 122 meters 


1846—1847 — the Italian chemist ASCANIO SOBRERO (1812—1888) 


invented nitroglycerine. For many years to come it was used for 
medica] purposes only 


1847—1850 — the German iron works owner ALFRED KRUPP (1812— 


1848 


1887) manufactured his first guns which were made of cast steel. 
In his works Krupp was using largest drop hammers and presses 
of that time 

— the English astronomer WILLIAM PARSONS (1800—1867) built 
a reflecting telescope measuring 183 cms in diameter. This instru- 
ment enabled him to discern the structure of nebulae situated 
outside the galactic system 

— the American L. YALE invented a safety cylindrical lock, which 
was widely used Jater 

— the German engineer REINER DAELEN invented a universal 
rolling mill for rolling of iron 


after 1848 — starts factory series production of pocket watches 
1848—1849 —- the American GEORGE HENRY CORLISS (1817—1888) 


invented a sophisticated system of steam distribution for steam 
engines (which was called after him). Thanks to his system it was 
possible to build truely modern steam engines of high power 


1848—1852 — the German chemist R. C. BOUTTGER enabled through his 


1849 


discovery of red phosphorus the production of matches with heads 
coated in unpoisonous phosphorus without sulphur. This discovery 
was made use of by JOHAN EDWARD LUNDSTROM of Sweden 
(1815—1888} 1852 for the production of safety matches 


— percussion drills which became known as power picks for mi- 
ning works were patented in the USA by J. COUCH. These picks 
were driven either by water or steam 

— mines in England use for the first time compressed air for the 
propulsion of some of the mining equipments. It was namely com- 
pressed air which in the following development made further me- 
chanization of mining operations feasible 

— the French engineer A. MERIAN begins to build new kinds of 


asphalt roads, which became widely spread in the following pe- 
riods 


— is founded the Mining Academy at Pf{bram, a college which 
trained a large number of our leading mining and metallurgical 
experts. Its first director became FRANTISEK X. ZIPPE (1791— 
1863) 

— JAMES BICHENO FRANCIS (1815—1892), of English descent 
but living in the USA, invented and built his first water radial 
flow reaction turbine for a spinning mill in Lowell. Unlike Four- 
neyron, Francis incorporated turbine runners in guide wheels. 
Francis’ turbines became one of the most significant water motors 
of modern times 


2-7 half of 19'" century — jewellery produced at Jablonec is of a highest 


world standard 


around 1850 — the first deep sea telegraphic cables are laid in America 


1850 
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and Europe, e. g. underneath the English Channel between Dover 
and Calais 


— MORITZ HERMANN JACOBI (1801—1874) constructed in Russia 
the first telegraphic apparatus which could print messages upon 
their reception — a teleprinter 

— huge forging presses operating on Brahmah’s hydraulic prin- 
ciples are introduced in the manufacture of iron 

— CH. FOWLER invented a serviceable steam drill for drilling of 


rocks in the mines of England. Similar previous projects had not 
gained any ground before 


after 


1851 


— the German physicist and chemist ROBERT WILHELM BUNSEN 
(1811—1899) invented a gas lamp; it was named after him and is 
still in use today 

— the express locomotive designed by the Englishman F. TRE- 
VITHICK, the son of the first designer of locomotives, reaches the 
speed of 126 kms/hour 

— the German metallurgist J. MAYER starts to cast steel at Bo- 
chum 

1850 — numerous designers build various types of typewriters, 
some of them featuring elements which even today’s typewriters 
incorporate 

— the first letterpress printers are introduced in book printing 
in Bohemia 


— the Englishman FREDERIC SCOTT (1813—1857) together with 
G. LE GRAY and W. FREY started to use a collodion wet process 
in photography. Their glass plates were coated by collodion and 
silver iodide. This method became widely used 

— the American ISAAC MERRIT SINGER (1811—1875) started 
a factory production of sewing machines with traditions lasting 
until our days. He based his sewing machine on an older design 
by HOWE 

— the first world industrial exhibition at the Crystal Palace in 
London became a great demonstration of modern technology 
break out. For example, Alfred Krupp exhibited there a large cast 
steel block weighing 2150 kg 


1851—1856 — the German WILHELM BAUER (1822—1876) built a num- 


1852 


ber of submarines, the majority of which after their first successful 
trips and during longer sails went down for good 

— WILLIAM HENRY FOX TALBOT (1800—1877) experiments with 
autotype, i. e. the reproduction of shaded pictures decomposed 
either by a screen or a raster into a number of points. It took one 
more generation before this method could find a wide practical 
application 

— the American CHARLES GOODYEAR (1800—1860) produced 
hard rubber or ebonite from caoutchouc which was cured by a lar- 
ge dose of sulphur 

— the Frenchman JULES HENRI GIFFARD (1825—1882) Is noted 
for his first flight aboard a dirigible airship equipped with a steam 
engine with a propeller. He covered 27 kms at 7 kms/hour 

— the English engineer ISAMBARD KINGDOM BRUNEL (1806— 
1859} built the first ocean-going steamer propelled by a propeller 
— ,Great Britain“ 

— new iron works are founded at Kladno in Bohemia to become 
besides the Vitkovice works another center of modern iron pro- 
cesses in Bohemia 
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1853 


— so far the largest steamer, ,Great Eastern“, was built; its 
displacement was 27 000 tons and its length 207 meters 

— NIKOLAY NIKOLAYEVITCH ZININ (1812—1880) pointed out 
explosive properties of nitroglycerine. On his suggestion the Rus- 
sian gunmen made the first experiments with nitroglycerine du- 
ring the Crimean war. In this way Zinin initiated later successful 
experiments of Nobel 

— IGNAC S5USTALA (Schustala) founded the manufacture of carts 
and coaches at Kopfivnice; since 1897 the first automobiles in Bo- 
hemia and Moravia were being built there 


1853—1854 — the professor of physics at the University of Prague 


FRANTISEK ADAM PETRINA (1799—1855) together with the di- 
rector of the telegraph in Vienna J. W. GINTEL (1804—1883) built 
the first duplex telegraph, enabling simultaneous transmission of 
messages from both ends of the line. Another system of duplex 
telegraph was invented in 1854 by the German electroengineer 
WERNER SIEMENS (1816—1892) 


1853—-1855 — appear the first kerosene lamps for household lighting; 


they quickly replaced previous oil lamps. There is a number of 
inventors to whom this invention is assigned; among others they 
were also the Pole IGNACY LUKASIEWICZ and the American 
SILLIMAN. Kerosene lamps acquired their significence only after 
the discovery of the first rich deposits of crude oil in Pennsylva- 
nia in America. The use of kerosene for lighting laid the founda- 
tions for the development of crude oil industry in the world 


1853—1856 — patented are new types of coal cutters — rotary bar 


1854 


cutters and endless chain cutters. It took, however, several more 
decades before they were actually employed in the mechanization 
of mining operations 

— the French chemist HENRI ETIENNE SAINTE-CLAIRE DEVILLE 
(1818—1881) invented a method of cheap industrial production 
of aluminium. Thanks to his new process its price was reduced 
to a mere one tenth 

— H. GOEBEL, the German living in New York, devised a bulb 
with a carbon filament located in a vacuum bulb and used it to 
lighten his watch-maker’s shop. Goebel’s bulb, same as those of 
many other inventors before Edison, lasted only for a short period 
of time and could in no way become a commonly used lighting 
element 

— the Russian inventor PAVEL ALEXEYEVITCH ZARUBIN (1816— 
1886) constructed the first planimeter 

— the German HEINRICH GEISSLER (1815—1879) starts manu- 
facturing his vacuum discharge tubes, which were called after him 
and are used in spectroscopy 


1854—1857 — are built the first safety lifts. Their designer was E. G. 
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OTIS 


1855 


1856 


— the American DAVID EDWARD HUGHES (1831—1900) designed 


— apparently independently of Jacobi — a teleprinter for printing 
of transmitted messages 

— the French engineer LAMBLOT applies for a patent for reinfor- 
cement of concrete by a wire gauze and reinforcement of concrete 
beams by iron bars. This is the beginning of the era of reinforced 
concrete with a far reaching significence for further progress of 
civil engineering 

-—- the English physicist ALEXANDER PARKES (1813—1890) was 
the first to produce plastic celluloid for which was also issued 
a patent. Later on Parkes developed a process enabling its large- 
scale production. The American JOHN WESLEY HYATT (1837— 
1920) also contributed to its spreading in 1869. In this way the 
production of plastics gradually started 


— the Englishman HENRY BESSEMER (1813—1898) invented 

a new method of producing forgeable steel from pig iron in pear- 
shaped converters with acid masonry. Air was blown at red-hot 
iron to burn undesirable inclusions, carbon, manganese, silicon 
and others. The acid Bessemer process brought about a principal 
change in the production of steel, which can now be produced 
in large quantities. This process is suited only for pig iron con- 
taining no phosphorus; owing to this fact the original efficiency 
of the converter process was restricted, since the majority of ores 
contained phosphorus 

— engineering workshops in the USA begin to introduce turret 
lathes suited for a number of operations 


— the American JOHN FOWLER (1826—1864) contributed to the 
improvement of steam tilling. His plough was rope-towed by two 
locomobiles situated on both sides of the field 

— the English chemist WILLIAM HENRY PERKIN (1838—1907) 
produced the first synthetic dye (mauvein) and invented a method 
how to win it from pitcoal tar. In the following period the pro- 
duction of synthetic dyes laid the foundations for modern chemi- 
cal industry 

— alizarine ink was first produced by A. LEONHARDI 


1856—1861 — the German FRIEDRICH SIEMENS (1826—1904) together 


1857 


with his brother WILHELM (1823—1883) invented during their 
stay in England a regenerative furnace, inside which it was possib- 
le to obtain unusually high heat. The system of regenerative hea- 
ting played a principal role in the following years in the deve- 
lopment of modern iron and glass productions 


— steel is used in ship building 
— the French engineer GERMAIN SOMMEILLER built a pneumatic 
drill for mine works; being of percussion type it could double the 
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rate of driving. Pneumatic drills became largely used first during 
the construction of railway tunnels under the Mont Cenis and the 
Saint Gotthard 

— the Englishman EDWARD COWPER (1819—1893) invented 
a method utilizing waste gases of a blast furnaces for preheating 
of blast taking place in special stoves; until our days this method 
bears his name and it is said to have contributed to the economy 
of blast furnace production of iron 

— built are small models of airplanes, which are provided either 
with small engines or clockworks. Some of them could even take 
off and land again 


1857—1859 — the Russian metallurgist PAVEL MATVEYEVITCH OBUK- 
HOV (1820—1869) received a privilege for mass production of ho- 
mogeneous crucible steel. He showed that admixtures of titanium 
and aluminium can improve steel toughness. He started to manu- 
facture steel guns which were granted the highest appreciation 
at the London world exhibition in 1862 


1857—1866 — the first trans-oceanic deep sea cable for telegraphic 
connection was laid between America and Europe. The project 


was headed by the American entrepreneur CYRUS WEST FIELD 
(1819—1892) 


1857—1870 — building of a railway tunnel under the Mont Cenis con- 
necting France with Italy. The tunnel was 12,2 kms long 


1858 — special sleeping cars of GEORGE MORTIMER PULLMAN (1831— 
1897) were introduced in railway transport 
— the German physicists JULIUS PLUCKER (1801—1868) and 
HEINRICH GEISSLER (1815—1879) produced the first neon tubes 
— the German FRIEDRICH SIEMENS (1826—1904) applies his 
invention of regenerative heating for heating of glass melting 


pots. This represents a principal change in the production of frit 
giass 


1859 — the American E. L. DRAKE discovered the first rich deposits 
of crude oil in Titusville, Pennsylvania in the USA and soon 
starts with its extraction. The first drilling fields and oil refine- 
ries come into existence and the oil processing industry begins 
to develop. In the first stage kerosene was used for lighting and 
only in the following generations also as fuel for newly invented 
internal combustion engines 
— the French professor of physics GASTON R. PLANTE (1834— 
1889) invented electrical lead accumulators, which are used with 
certain improvements even nowaday 


— in Northern America appear the first primitive electric cookers 
with electrical coils heating metal pilates 


— municipal steam tramway service is introduced in some Ame- 
rican cities 
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— the French chemist HENRI ETIENNE SAINTE-CLAIRE DEVILLE 
(1818—1881) worked out a procedure of industrial production of 
sodium 
— a torpedo charge with guncotton was first used by the Austrian 
army in Venice 
— count Wallenstein founded in Pilsen en engineering workshop, 
which was taken over in 1869 by Emil Skoda; it developed into 
one of the largest industrial works in Bohemia and in the course 
of a hundread years it became famous in the whole world for 
{ts advanced technology of production 
— the first electric motor with a circular armature was built by 
ANTONIO PACINOTTI of Italy (1841—1912); he applied the same 
armature in his magnetoelectrical machine from 1864, which had 
hardly any future, however. Later on his invention was of a con- 
siderable help to Gramme, the designer of successful dynamo- 
electrical machines 

18593—1860 — JEAN LENOIR (1822—1900}), the Belgian by origin living 
in Paris, invented and built a serviceable internal eombustion gas 
engine. It was an explosion doubleacting engine burning lighting 
gas; its mixture was ignited in the cylinder by an electrical spark 
without any compression stroke. In spite of its relatively high 
consumption these machines were widely used as reliable and 
low-noise units. These engines marked the beginning of the era 
of internal combustion engines 

1859—1865 — the Russian chemist NIKOLAY NIKOLAYEVITCH BEKE- 
TOV (1827—1911) elaborated a method of producting of pure me- 
tals through the reduction of their oxides by powder aluminium 

before 1860 — the alloyed steel, starting with chrom steel, then wol- 
fram and mangan steel are being used more plentifuly 

1860 — PIERRE ERNEST MICHAUX a Parisian locksmith and wheel- 
wright, received a patent for a bicycle with pedals mounteds on the 
fore wheel 
— English physicist JOSEPH WILSON SWAN (1828—1914), as one 
of predecessors of Edison, constructed an incandescent lamp with 
carbon filament, but for the time being without practical exploita- 
tion 

after 1860 — the German chemist AUGUST WILHELM HOFMANN (1818 
—1892) invented a technological procedure for the production of 
synthetic aniline dyes; this was the basis for an industrial util- 
zation of pitcoal tar for the production of artificial dyes and 
other chemicals 
— combined harvesters begin to spread in American farms 
— used are potassium fertilizers 

1861 — the first universal milling machines were successfully manu- 
factured by the American company Brown and Scharpe 
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1862 


— the German teacher JOHANN PHILIPP REIS (1834—1874)] built 
the first electrical telephone with a microphone. His apparatus 
could not yet transmit speech, only tones, and therefore found 
hardly any practical application 

— in England is passed a traffic rule restricting the speed of all 
road motor vehicles to 8 kms/hour in towns and 16 kms/hour on 
free roads 

— the Frenchman ALPHONS BEAU DE ROCHAS proposed a system 
of a four stroke engine, but his idea was not put into practice 
yet 

— begins the production of modern repeating rifles with maga- 
zine by C. M. SPENCER: In the same period also appear machine 
guns invented by GATLING. Paper cartridges were replaced by 
metal ones 

— the Krupp works in Essen operate a hundread ton steam drop 
hammer 


— the first refrigerating machines help to solve the problem of 
food preservation in America. A contribution in this respect was 
made by A. KIRK, whose machine was making use of compression 
of air and its expansion 

— appear the first mechanical milking machines 


— the Swedish designer JOHN ERICSSON (1803—1889) builds in 
America the first armoured warship “Monitor” 


— B. LAUTH invented in Birmingham a new sheet rolling mill 
called Lauth mill 


1862—1863 — the Belgian JEAN LENOIR (1822—1900} used for the 


1863 
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first time for his motor a simple carburator 


-—- in London is started the building of a first underground rail- 
way with steam locomotives. As it was not possible to construct 
further underground sections, there was being used for the drive 
the compressed air 


— in American mines are used first electric coal-cutters, con- 
structed by RIDLEY and JONES. At the same time are introduced 
into operation the efficient wheel cutters 


— ERNEST SOLVAY (1838—1922) of Belgium developed an in- 
dustrial production of soda and his invention became the basis 
for ammonia process. This new method replaced the for a long 
time used Leblanc’s process 


— the Czech sugar mill owner HUGO JELINEK (1834—1901), 
assisted by BEDRICH FREY, Jr. (1835—1901}, invented saturation 
as a part of the production of sugar. This process was put into 
practice at his sugar mill at Vysogtany. In this way Jelinek contri- 
buted to the progress of sugar production in Bohemia in the 2™4 
half of 19™ century 


1864 


— JEAN LENOIR of Belgium (1822—1900) built his automobile dri- 
ven by an internal combustion explosion engine burning kero- 
sene vapours. Since 1860 all his automobiles were driven by 
lighting gas engines, the design of which was later abandoned. 
In this automobile Lenoir covered in 1863 the distance of 18 kms 


— the Austrian SIEGFRIED MARCUS (1831—1898) designs his 
first petrol engine to be fitted in his primitive automobile, which 
was first shown in Vienna. The engine of Marcus’ first vehicle 
was rather imperfect; and as based on an atmospheric principle 
could hardly find any practical application 


— griding machines for cylindrical machining appear in engi- 
neering works and their industrial manufacture is started 


— the English designer WILLIAM COTTON (1819—1887) invented 
a highly efficient knitting machine, which contributed to the pro- 
gress of the knitting industry 


— the Frenchman PIERRE-EMILE MARTIN (1824—1915), utilizing 
Siemens’ invention of regenerative heating, designed a hearth 
furnace for the production of steel from pig iron or from scrap 
iron or steel. Siemens-Martin mild steel produced in an open 
hearth furnace became a revolutionary milestone in modern steel 
industry. Until our days open hearth furnaces remained widely 
used in the production of steel 


— the Czech technician and entrepreneur VINCENC DANEK (1826 
—1894] invented sugar mill filter presses for the separation of 
carbonation scum. He was the founder of the machine shop in 
Prague-Karlin, which became famous for its production of ma- 
chines for sugar mills and other general applications. In 1927 the 
shop fused with the CKD 

— JULIUS ROBERT (1826—1888), the son of the owner of the 
Zidlochovice sugar mill, invented the method of beet slices 
leaching by diffusion. Robert’s diffusion spread soon abroad and 
meant a principal change in the production of sugar 

— the German expert on artillery E. SCHULTZE used for the first 
time guncotton to produce smokeless gun powder, whose explo- 
sion was not accompanied by any black smoke 


— RUDOLF LESCHOT of Switzerland proposed drilling of holes by 
a diamond bit, which he invented 


around 1865 — the first conveyer lines appear in American slaughter- 


houses where they are used to feed boned animals. The first line 
of this kind is believed to have been constructed at the slaughter- 
house of Cincinnati, more renowned, however, became the line 
at the Chicago slaughter-house. It took one more generation be- 
fore the system of production lines was adopted by the engi- 
neering and other industries 
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1865 — PRANDTL'S centrifugal cream separators are introduced in dairy 
plants 


— the development of rotary printers culminates by a machine 
of WILLIAM BULLOCK, who started to use in Philadelphia endless 
paper web 

— in England was passed the famous flag law, restricting the 
traffic speed to 3,2 kms/hour; according to the same regulation 
a man carrying either a red flag or a lantern was required to 
walk 18 meters ahead of a steam vehicle to warn the public. 
Owing to this regulation the progress of traffic in England was 
slowed down and to a certain extent can be blamed for the fact 
that a majority of those pioneering traffic was coming from 
countries other than the British islands 

— the Prague steam navigation company was established in Bo- 
hemia 

— the Frenchman M. THEVENET built a bicycle with a rubber 
tyre 

— the French chemist LOUIS PASTEUR (1822—1895) invented 


pasteurization of wine to save the French wine merchants from 
heavy losses 


after 1865 — automatic lathes with automatic switching of numerous 
cutters are installed in American engineering shops 


1866 — the acid Bessemer converter was introduced in the production 
of steel at the Vitkovice iron works. Unfortunately, the acid 
Bessemer process was not suited for local ores and consequently 
never became widely spread in this country 


— a telegraph connection between the New and the Old Worlds 
by a deep sea cable was successfully completed 

— steam rollers are used for the first time in road rolling 

— the Russian metallurgist DMITRY KONSTANTINOVITCH TCHER- 
NOV (1839—1932}, discovered critical transformations in steel: 
when heated up both its structure and properties change 

— the Russian VASILY ALEXANDROVITCH SEMENNIKOV (1831—?) 
discovered a method of winning coppers from pyrites. He also 


discovered the possibility of making use of heat, generated in the 
melting process by burning of sulphur 


1866—1867 — the German WERNER SIEMENS (1816—1892) and the 
Englishman CHARLES WHEATSTONE (1802—1875) almost con- 
currently designed a new, progressive type of a dynama — a DC 
current generator. Their successful designs were made possible 
by the invention of self-excitation of electrical machines which 
is known as the dynamoelectric principle. After many years of 
experiments a solution was found at last, although its principle 
was known already to Farady and Henry, who discovered in- 
duction in 1831. Since that time {ft was possible to generate 
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1867 


1868 


1869 


electrical current by electrical machines, marking the beginning 
of a tremendous development of electricity, which had a decisive 
role to play throughout decades until the present days. Siemens 
and Wheatstone failed to find any significant industrial applica- 
tions for their discoveries for many years to come 


— ALFRED NOBEL of Sweden (1833—1896) received a patent 
for dynamite, clay soaked with nitroglycerine. This is the be- 
ginning of a new development stage of explosives. At the same 
time Nobel also invented an igniter with mercury fulminate. His 
numerous factories in a number of countries started to produce 
soon both nitroglycerine and dynamite on an industrial large-scale 
basis 

— the German merchant NIKOLAUS AUGUST OTTO (1832—1891), 
assisted by engineer EUGEN LANGEN (1833—1895), designed 
an atmospheric gas engine, whose economy much surpassed the 
original Lenoir’s engines. The mixture was compressed in the 
cylinder prior to its explosion. The factory production of these 
engines followed soon, spreading rapidly and bringing about a 
number of design improvements 

— the Frenchman PIERRE ERNEST MICHAUX started the manu- 
facture of his pedal velocipedes, soon attracting the interest of 
the public in this new means of transportation 

— the American designer CHRISTOPHER LATHAM SHOLES (1819— 
1890) together with S. W. SOUL and C. S. GLIDEN built the first 
well proven typewriter. Later on, since 1874, this typewriter was 
manufactured by the Remington company 

— the American GEORGE WESTINGHOUSE (1846—1914) invented 
a pneumatic brake for railway transport, which he refined in 
1872. The capital accumulated from his inventions was used later 
to found an electroengineering factory 

— the Frenchman JOSEPH MONIER (1823—1906) starts using 
reinforced concrete in his construction projects. Some historians 
maintain that Monier failed to appreciate the merits of reinforced 
concrete and was using it only for achieving special shapes. It 
was only F. HENNEBIQUE who is said to have made a full use of 
reinforced concrete in his challenging projects 


— the Russian inventor ANDREY ROMANOVITCH VLASENKO de- 
signed a new type of a combine harvester, which could replace 
20 reapers while eliminating threshing completely 

— the Czech professor of drawing JAKUB HUSNIK (1837—1916] 
invented callotype. The German photographer JOSEF ALBERT 
(1825—1886), who was engaged in callotype himself, bought Hus- 
nik’s invention to apply it in his own printing shop 


— the Russian chemist DMITRY IVANOVITCH MENDELEYEV (1834 
—1907) compiled his periodical table of chemical elements and 
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discovered periodical features of these elements and their com- 
pounds. For further development of chemistry and chemical tech- 
nology this invention was of a determinate significance 


— ZENOBE THEOFIL GRAMME of Belgium (1826—1901) built a 
dynamo with a ring armature. In his design Gramme used the 
original armature by ANTONIO PACINOTTI (1841—1912); Gram- 
me’s machines won general recognition, substantially reduced 
power production costs and represented another important step 
towards electrification. Gramme also introduced a collector which 
was divided into a large number of sections, bearings with a ring 
lubrication and other innovations. The machines with ring arma- 
tures were the first electrical machines which became well pro- 
ven in practice 


— the Russian electroengineer VLADIMIR NIKOLAYEVITCH TCHI- 
KOLEV (1845—1898) built a differential carbon regulator for arc 
lamps 


— a telegraphic connection between Europe and Calcutta in India 
is built 
— JEAN LENOIR of Belgium (1822—1900) carries out his experi- 


ments with a boat having a gas engine propulsion, which he in- 
vented himself, on the river Seine in Paris 


— the French chemist MEGE-MOURIES invented the production 
of margarine and started its mass production 


— the construction of the Suez Canal, lasting 10 years, is com- 
pleted. The canal, which had its predecessor already in the an- 
cient times, was 167,5 kms long, connecting the Mediterranean 
Sea with the Red Sea. Its construction was carried out by the 
Frenchman FERDINAND MARIE LESSEPS (1805—1894) 


— one of the first plastics — vulcanized fibre is produced in 
England on the basis of cellulose. It found its vast application 
in electroengineering as an insulation material 


before 1870 — the Russian inventor PETR PETROVITCH KNAGINSKY 


tries to build an automatic setting machine for leterpress print- 
ing 


around 1870 — the front (treadle) wheel of velocipedes is becoming 


1870 
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constantly larger and larger to achieve higher speeds. This is 
the origin of a high bicycle with a large front and small rear 
whels. As its speed was increasing, the public began to show 
more interest in it 


— the French government convened an international conference 
with the aim of unifying the use of a decimal metric system 

— the Russian inventor in the field of polygraphy MIKHAIL IVA- 
NOVITCH ALISOV (1830?—1898) invented a method of mechanical 
duplication of printed matters by a machine called “polygraphia” 


— the American entrepreneur PHILO REMINGTON (1816—1889) 
introduced a large-scale production of sewing machines. Reming- 
ton is also noted for his improvement of a repeating rifle, which 


carries his name 


1870--1872 — the Czech physicist VACLAV KAREL ZENGER (1830— 


1871 


1872 


1908) carries out experiments with the separation of phosphorus 
from pig iron and applies for the respective patent. He was about 
to find a cue for an epochal procedure (invented later by S. G. 
THOMAS) of the production of steel in convertors with acid ma- 
sonry; unfortunatelly, his experiments did not lead to a successful 
end 


— silver bromide photographic plates with a gelatine emulsion 
were invented by R. L. MADDOX. These plates are used in pho- 
tography even nowadays 

— MUSHET’S tool steel] with admixtures of tungsten and vana- 
dium enables a substantial increase of cutting speeds in ma- 
chining of metals 

— the First Czech-Moravian factory for machines was founded 
in Prague; it soon became an important center of the Czech en- 
ginnering production, exporting a number of its products to many 
foreign countries 


— the Russian inventor ALEXANDER NIKOLAYEVITCH LODYGIN 
(1847-1923) designed an electrical bulb with a carbon rod sealed 
in a bulb and connected to the lead by platinum wires. In 1873 
these bulbs were used to light the Odessa street in Petersburg. 
To Lodygin was issued a patent for his bulb in a number of coun- 
tries, but he did not succeed in starting its industrial production 
— the American GEORGE WESTINGHOUSE (1846—1914) designed 
an automatic brake for railway transport which was soon widely 
used 

— the German engineer P. HANLEIN built the first semi-rigid di- 
rigible airship for gas engine propulsion. Its first ascent took 
place in Brno 

— the Russian physicist ALEXANDER GRIGORYEVITCH STOLETOV 
(1839—1896) publishes his book called ,,The investigations of soft 
iron magnetization”, which proved to be significant for further 
constructions of electromagnetic motors and magnetoelectrical 
machines 

-—— the American TALBOT LANSTON invented the first setting ma- 
chine called monotype, for casting and line setting of separate 
characters 


1872—1877 — the American pioneer of cinematography EADWEARD 


MUYBRIDGE used several photographic chambers for a successive 
series of pictures. Known became his resolution of the movements 
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of a horse, whose trotting was photographed by 24 cameras 
arranged one after the other. Muybridge’s photographs insp{red 
later Edison in his invention of a cinematographic camera 


1872—1880 — building of a railway tunnel under the Saint Gotthard 


in the Alps, which was 15 kms long 


around 1873 — factory type of production prevailed in the main bran- 


1873 


ches of industry in Bohemia and Moravia. In the years 1840— 
1875 our main railway lines for steam transport service were 
built 


— the German electroengineer FRIEDRICH HEFNER-ALTENECK 
(1845—1904] replaced a ring armature of electrical dynamos by 
a drum armature. Shortly atfer that the drum armatures were used 
in all electrical machines 


— at the world exhibition in Vienna it was practically shown 
that in principle an electric motor was a reversed dynamo. Until 
then this fact was pointed out theoretically by two Petersburg 
scholars HEINRICH FRIEDRICH LENZ (1804—1865) and MORITZ 
HERMANN JACOBI (1801—1874) in the years 1838 and 1850. In 
Vienna, electrical energy was transmitted from one dynamo to 
another (acting as an electric motor), which was 1 km away. 
The first put the other in motion. This was the first experiment 
with a long distance transmission line 


— the French designer AMEDEE BOLLEE (18441917) started 
to build the first successful steam automobiles. Famous became 
his vehicle called “L’Obéissante’’ (The Obedient). Boliée covered 
the distance of 230 kms from Le Mans to Paris in 18 hours 


—- made are the first experiments with photocells based on the 
discovery of changes in the conductivity of selenium resulting 
from illuminations of diferent intensities. In 1875 the German 
WERNER SIEMENS (1816—1892) scored a success with a sele- 
nium cell 


1873—-1875 — the German physicist KARL PAUL LINDE (1842—1934) 


1874 


built an apparatus for the production of liquefied air, thus con- 
tributing to the development of the refrigerating industry. In 1875 
Linde invented the first ammonia compression machine 


— V. T. ODHNER built a relatively perfect calculating machine 
with a variable number of teeth of its gears 


— the German chemist ALEXANDER MITSCHERLICH (1836—1918) 
much improved the sulphite method of industrial large-scale pro- 
duction of paper. He utilized the earlier results of B. C, TILGH- 
MAN. Cellujiose in his process was obtained by chemical decom- 
position of timber 


around 1875 — used are automatic machines for gear cutting 
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First Prague railway station, 1845 


Wilhelm Bauer’s submarine, 1856 
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Take-off of Sievel’s balloon in Prague, second half of the 19th cent. 


Bessemer converters, after 1855 


‘ > 


Electric lighting system of Paris Opéra, about 1880 
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Telephone connection demonstrated by Graham Bell, 1876 


Daimler’s motorcycle, 1885 


J 


Gas engine of N. Otto and E. Langen, after 1867 


Equipment of a London power house with Siemens machines from the eighties of the 
19th century 


1675 


1876 


— the Russian inventor YOSIF NIKOLAYEVITCH LIVTCHAK {1839 
—1914) innovated the setting machine for printing 

— standard time was introduced for the first time by the Ame- 
rican railway companies. Before the appearance of railway trans- 
port there was no need for such time. For its fixing in some 
larger towns gun shots were fired at specific times during the 
day 

— the contact process of the production of sulphuric acid for 
industrial applications was refined by the German chemist CLE- 
MENS WINKLER (1838—1904); in a large scale this process be- 
gan to be used only after 1890 

— the Frenchman GASTON TISSANDIER (1843—1899) ascended 
in his balloon the height of 8500 meters where he performed 
his meteorological experiments 

— the Austrian SIEGFRIED MARCUS (1831—1898) improves his 
design of a petrol engine and builds a new vehicle driven by a 
four stroke engine with electromagnetic ignition. Not even this 
time his automobile found any practical use 

— the Russian electroengineer FEDOR APOLLONOVITCH PIROT- 
SKY (1845—1898) transmitted in Petersburg electrical energy at 
a distance of 1 km. The transmitted power of 4,5 kW was six 
times greater than in Vienna in 1873 

— alloyed steels are further improved; W. H. BRUSTLEIN pro- 
duced high-grade chrome and tungsten steels for high speed 
cutting tools 

— the American CAREY suggested the first primitive television 
set; his “screen” was to consist of 2500 photocells. Selenium cells 
were used two years later in a brand new concept by the French- 
man SENLECQ 

— the iron works at Kladno build the first acid Bessemer con- 
vertor together with an open hearth furnace 

— a law enforcing the introduction of a decimal metric system 
came in effect in the Pre-Lithuanian part of the Austro-Hungarian 
Empire in 1871. Austria, together with other 17 countries, 
adopted the international “Convention du métre” (Convention of 
meter). The old measures and weights were substituted by new 
ones, except for the nautical, geographical and other miles. The 
decimal system became widely spread except for time measuring 
and angular measures, in which the original sexagesimal system 
had been preserved. Another exception was the Bohemian engi- 
neering, which until the 20'" century stuck to inches, which were 
introduced by the English experts helping to found the first ma- 
chining shops in Bohemia 


— the American of Scottish origin ALEXANDER GRAHAM BELL 
(1847—1922) submitted a patent application for his electric tele- 
phone apparatus with a metal diaphragm. Almost concurrently a 
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similar patent was submitted by another American ELISHA GRAY. 
Bell’s telephones were sucessful in practice and started to spread 
soon with an increasing intensity 


— hay loaders are used for the first time 


— the International Bureau for weights and measures (Bureau 
international des poids et measures) opens in Paris 


— the German NIKOLAUS AUGUST OTTO (1832—1891), assisted 
by EUGEN LANGEN (1833—1895), invented a four stroke internal 
combustion engine, Originally it was fired by lighting gas. Otto’s 
engines began to spread soon. More than 30,000 of them were 
produced by 1888. They found their applications in many work- 
shops, making mechanization in a number of branches feasible, 
mainly the new ones, for which the old and expensive steam 
engines began to spread soon. Otto’s four stroke internal combus- 
tion engine is in principle used even today 

— a cigarette making machine was invented 


— the Russian electroengineer PAVEL NIKOLAYEVITCH YABLOT- 
CHKOV (1847—1894) invented an are lamp for practical utilization, 
which became known as Yablotchov’s candle. His original solu- 
tion of carbon regulation consisted in their parallel arrangement 
with a separation made of a fusible insultation material. After 1878, 
when Yablotchkov received a general recognition at the world 
exhibition in Paris, his lamp began to be mass produced and ex- 
ported to many countries. It was the first electrical lighting which 
found a vast application 

— the first steam tractors are built in the USA 


— experiments with models of airplanes are continued. ALEXAN- 
DER FYODOROVITCH MOZHAYSKY (1825—1890) makes a public 
demonstration of his model airplane 


— the first artificial skating rink was built in Chelsea in England 
(today’s suburb of London) 


— A. MALLET of Switzerland designs a powerful compound steam 
locomotive (expansion of steam in two cylinders, arranged in 
series) 


— the French chemist GEORGES LECLANCHE (1839—1882) in- 
vented a highly efficient galvanic cell 


— the American inventor THOMAS ALVA EDISON (1847—1931) 
constructed a cylinder phonograph for recording and reproduction 
of human voice and music. In this way Edison indicated the way 
for modern reproduction techniques 

— the German FRIEDRICH SIEMENS (1826—1904) invented pres- 
sed glass 


— soon after the invention of a telephone, experiments with 


transmission of music by telephone are carried out in Vienna; 
it was a kind of a bud of broadcasting 


1878 


— a microphone was invented almost concurrently by several de- 
signers. The greatist contributions came from THOMAS ALVA EDI- 
SON (1847—1931) and EMILE BERLINER (1851-~1929}, the Ame- 
rican of German origin, who later invented a gramophone 


— the American agriculture introduces automatic binding reapers, 
which spread within several years. These machines, originally 
invented by APPLEBY and DEERING, were binding sheaves them- 
selves, in this way saving more than 50% labour 

— the Czech inventor KAREL VACLAV KL{C (1841—1926) in- 
vented a new kind of picture reproduction called helogravure. 
He used it successfully in several countries, in the first place in 
England. He refined his process in the following years and even- 
tually invented photogravure 

— the Swedish engineer CARL GUSTAF LAVAL (1845—1913), who 
became later famous for his steam turbine, improved a cream 
separator, which was now suited for continuous operation. It soon 
spread in a number of countries 

— the first heat plant with long-distance distribution of steam 
for central heating was built at Lockport, in the USA 

— the Russian mechanician and mathematician PAFNUTY LVO- 
VITCH TCHEBISHEV (1821—1894) builds a calculating machine 
(calculator) with an original concept of transmission from lower 
to higher orders 

— the first attempts to employ electricity for driving of coal 
cutting machines are made — for the time being with hardly 
any success 

— the German chemist ADOLF BAYER (1835—1917) devised a new 
production method of synthetic indigo suited for large scale in- 
dustrial production. In this way Bayer contributed a lot to the 
development of the organic dyes industry 

— the Russian metallurgist DMITRY KONSTANTINOVITCH TCHER- 
NOV (1839—1921)} published his significant book about cast steel 
structures. In the following decades Tchernov helped to back va- 
rious metallurgical processes by scientific theories 


1878—1880 — the Czech inventor FRANTISEK KRIZIK (1847—-1941) de- 


signed an excellent arc lamp, the carbons of which were regulated 
by means of a twin winding with a differential principle. Kriz{k’s 
lamp acquired the world’s recognition and began to be mass pro- 
duced (namely in Germany) 

— the German WILHELM SIEMENS (1823—1883) used electrical 
arc for his new electrical furnaces for the production of steel. 
Unlike his predecessors, Siemens succeeded in producing much 
better steel 


1878—1881 — appear proposals to use selenium cells for long distance 


transmission of pictures (the Frenchman DE PAIVA and the 
Englishman AYRTON and PERRY) 
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1879 — the Germans WERNER SIEMENS (1816—-1892} and JOHANN 
GEORG HALSKE (1814—1890} demonstrate on the occasion of the 
Berlin exhibition their first electrical locomotive, which was to- 
wing several small wagons. They also built a powerful electric 
motor for this purpose 
— the Englishman SYDNEY GILCHRIST THOMAS (1850—1885) re- 
solved the problem of converter production of steel from ores 
containing sulphur. He invented the so called alkaline Thomas’ 
process of pig iron conversion taking place in converters with 
alkaline masonry. The same alkaline lining was also in open 
hearth furnaces. Thomas’ invention brought about another revolu- 
tionary change in the production of steel 
— the iron works at Kladno introduced the Thomas’ invention of 
steel in their steel production already on May 11 1879, as the 
first manufacturer on the European continent. Thomas’ licence 
was obtained soon also by other Czech steel mills. Large scale 
production of steel in Bohemia actually started only after the 
introduction of the said Thomas’ process 


— a by-product of the alkaline conversion of steel Thomas’ alkali- 
ne flour, which began to be used soon as an excellent fertilizer 

— the Vitkovice iron works were the first on the Continent to intro- 
duce a duplex method of steel production by transferring it from 
an acid converter to another one, which is alkaline 


— the Russian FEDOR ABRAMOVITCH BLINOV (1827 or 1832— 
1899) received a patent for his caterpillar band tractor. Originally 
drawn by a horse Blinov’s tractor was later provided with a steam 
drive 

— the American chemist IRA REMSEN (1846—1927) together with 


KONSTANTIN FAHLBERG (1850—1910} produced for the first ti- 
me saccharin 


-- THOMAS ALVA EDISON (1847—1931) devised in his laboratory 
tn Menlo Park a lamp, lasting dozens and later even hundreds 
of lighting hours. Its filaments were first made of charred bam- 
boo, later on of charred cotton. Using powerful vacuum pump 
a vacuum was created in the bulb. Only this lamp created the ne- 
cessary prerequisites for a large-scale use of electrical lighting 


1879-1885 — the Englishman J. H. LAWSON designed a velocipede, the 
pedals of which were no longer attached to the front wheel fork 
but to the frame at its center from where the force was transmit- 
ted to the rear wheel by a chain. This modern low velocipede was 
marketed in 1885 by James K. Starley. It was called a rover and 
drove out all high velocipedes 


before 1880 — THOMAS ALVA EDISON gathers a number of his colle- 
gues to carry out joint research. Until that time there existed no 
team work either for industrial or production needs. Edison’s 1a- 
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boratories 1n Menlo Park and later on in West Orange with a lar- 
ge number of anonymous inventors became a foreshadow of nu- 
merous research and development institutes of today 


-—~ drilling machine for mining applications are innovated and 
their manufacture started 


around 1880 — Europe is supplied with frozen meat by other continents. 


1880 


after 


The refrigerating technology began to play an important role in 
the development of American cattle breeding and meat processing 
industry 


— the Russian pioneer in electroengineering FEDOR APOLLONO- 
VITCH PIROTSKY (1845—~1898) performs experiments with long 
distance transmissions of electrical energy using the rails of 
a horse railway at Petski in Petersburg 


— the Russian electroengineer DMITRY ALEXANDROVITCH LAKHi- 
NOV (1842—1902) worked out a theory of electrical long distance 
lines in his study called ,,Electromechanical work“. He proved 
that large quantities of electricity could be transmitted from one 
remote place to another 


— telephone transmissions already cover distances over 70 kms 


— a regenerative burner designed by the German inventor FRIE- 
DRICH SIEMENS (1826—1904) helped to achieve a better intensity 
of gas lighting 

— the Alexandrovo iron works in Russia adopt an alkaline process 
for their production of steel in open hearth furnaces. The same 
process was applied later by the Schneider iron works in Creusot 
in France 

— some lifts are already operated by electricity 

— the French physiologist ETIENNE JULES MAREY [(1830—1904) 
carries out his first experiments with a photographic gun, Its 
objective was fitted in the barrel and a rotating disc with pho- 
tographic plates made it possible to capture the movement, de- 
composed in a number of takes. His experiments helped cinema- 
tography at its beginning. 


1880 — the first electrical accumulator vehicles appear on the 
roads; also built are electrical vehicles featuring Gramme’s dy- 
namo 

— the first hobbing machines are introduced tn engineering 

— offset printing begins to develop, based on the litographic tech- 
nique of planographic printing; the print is transferred from the 
matrix onto a rubber roller, which does the printing. This inven- 
tion was made possible also through the contributions of the 
Frenchmen TROTTIER, MISSIER, MARINONI and MICHAUD. In the 
modern period offset printing became orfe of the most commonly 
used techniques; it also enables printing of large editions of illu- 
strated books 
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— the Russian pioneer in aviation ALEXANDER FYODOROVITCH 
MOZHAYSKY (1825—1890) received a patent for his design of an 
airplane with three propellers which were driven by two light 
engines. This airplane was provided even with an elevator and 
a rudder 


— THOMAS ALVA EDISON (1847—1931) builds a dynamo called 
»Jumbo“ which supplied current for 2000 bulbs. Its weight was 
27 tons, including the steam engine. It was the largest and by far 
most perfect DC generator of its time. In principle its main design 
features are used until today 


— the Russian NIKOLAY IVANOVITCH KIBALTCHICH (1854—1881) 
designed an airplane with a jet propulsion for both atmospheric 
and vacuum flights 


— the first electrification of public railways was brought to exi- 
stence by Siemens & Halske between Lichterfeld and Berlin in 
Germany 


— in America and England are put into operation the first small 
hydro power stations which were used for lighting purposes. Their 
power was almost negligible, some 0,75 kW 


— in England and in the United States are being installed first 
electric lighting with incandescent lamps — for the time being 
in a very limited measure 


— the first automatic steam mill is put into operation in England 


— THOMAS ALVA EDISON (1847—1931) completed in New York 
the construction of the first larger steam power station, supplying 
public mains. By this deed Edison influenced the trends of future 
electrification to a large extent. It also supported his idea about 
a unified source of power supplying a whole area and tater on 
a whole region. Its pattern Edison took over from central gas 
works and public distribution of gas. The construction of the first 
power station became an important milestone in history 


— THOMAS ALVA EDISON together with his team of inventors 
produces fundamental electrical instruments and component parts 
for the distribution of power to individual workshops and house- 
holds. A bulb and a power station were not enough; it was ne- 
cessary to ensure their operation and invent a whole number of 
detailed parts, starting from cables through electricity supply me- 
ters, to switches and sockets. It was this complexity which adds 


to Edison’s merits, distinguishing him from all the previous bulb 
inventors 


— the Edison’s society installs the first electrical bulb lighting 
in Bohemia and Moravia at the theatre in Brno 


-— the Frenchman MARCEL DEPREZ (1843—1918} succeeded in 
transmitting power from Munich to Miesbach covering 57 kms on 
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the occasion of an electroengineering exhibition held in Munich. 
Only such long-distance power lines enable a full materialization 
of the idea of central power stations 

— the first attempts to produce a fuel cell for direct generation 
of power by electrochemical reactions are made. No satisfactory 
solution, enabling its vast application, has been found until today 
— the German G. MEISENBACH improves in Munich the autotypy 
technique as a photoreproduction printing method of pictures de- 
composed into a number of points 

— leading world iron works, e. g. Schneider in Creusot, Krupp in 
Essen, but also Skoda in Pilsen start producing new kinds of 
alloyed steels with additions of nickel and chromium. Such steel 
is quenched and tempered; it is mainly used for the production 
of arms — armours and gun barrels. At the same time ROBERT 
ABBOTT HADFIELD (1858—1940) receives in England a patent for 
high quality manganese steel (12 % of manganese) 

— a manual telephone exchange is built in Vienna 

— in Paris, France, JEAN-BAPTISTE BERLIER (1843—1911) is expe- 
rimenting with the first pneumatic mail 

— the Russian NIKOLAY NIKOLAYEVITCH BENARDOS (1842— 
1905) invented electric welding for which he was granted patents 
in a number of countries in the period between 1885 and 1886. 
Benardos elaborated not only the method of carbon electrode 
welding, but also all other kinds of electric welding, as they are 
known today. He even showed that arc welding and cutting could 
be also used when immersed in water 

— the German WERNER SIEMENS (1816—1892) designed the first 
electrical locomotive for underground mines 

— the Vitkovice iron works adopted a duplex process of steel pro- 
duction by combining the acid Bessemer converter with the open 
hearth furnace process. This duplex process became known as the 
»Vitkovice process“ 


— electrical generators are provided with carbon brushes 

— the Russian physicist NIKOLAY PAVLOVITCH PETROV (1836— 
1920) published his study ,Friction {n machines and the influence 
of lubrication“. He created a hydrodynamic theory of friction and 
discovered the laws governing friction of lubricated areas 

— the American designer HIRAM STEVENS MAXIM (1840-—-1916) 
invented a machine gun, which makes use of its recoil for auto- 
matic loading. This weapon became widely spread in the armtes of 
a number of countries 

— the first electrified railway lines are built in England and Ame- 
rica. The first electrical railway line which was powered from 
a hydropower station was built between Portrush and Bushmills 
in Ireland 


119 


..— besides the steam power stations, gradually begin to spread 


also hydro-power stations; the latter start to develop, however, 
only several decades later after the discovery of long distance 
distribution of multi-phase AC currents 

— the American CHARLES JOSEPH VAN DEPOELE (1846—1892) 
demonstrates in Chicago an electric trolley drive. Current is con- 
ducted in an upper riser wire from where it is taken by a trolley 
— the first skyscraper with a steel skeleton and fill-in masonry 
is built in Chicago (by the architect JENNER) 


— the Vitkovice iron works establish a tube rolling mill 


1883—1886 — the German GOTTLIEB DAIMLER (1834—1900) built the 


first high-speed internal combustion engine with high compression. 
For ignition Daimler used a fire tube. This engine determined the 
whole further development of petrol engines. Immediately after 
that Daimler started to test his engine in transportation. He built 
a wooden motorcycle with a belt transmission on the rear wheel 
(1885), then a petrol automobile (1886) and also a motorboat with 
a petrol engine (1886). In his design works Daimler was to some 
extent assisted by his collegue WILHELM MAYBACH (1846—1929) 


1883—1889 — the Swedish engineer CARL GUSTAF LAVAL (1845—1913) 


1884 
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invented an impulse, axial flow steam turbine which was provided 
on its periphery with a large number of small vanes. Steam was 
admitted to them by several nozzles. The first Laval’s turbines 
were running at 30000 r. p. m. and any practical application of 
these turbines called for the reduction of their speed 


— the American LESTER ALLEN PELTON (1829—1908) designed 
a high-speed water turbine for high water gradients. On its pe- 
riphery Pelton’s wheel is provided with vanes in the form of two 
dishers arranged one next to the other. This turbine had no guide 
wheel and water was admitted through nozzles. Its efficiency was 
up to 90 %. It is used in places with little water but high gra- 
dients 


— a highly effective setting machine for casting of complete lines 
of characters was built by the German OTTMAR MERGENTHALER 
(1854—1899). Called linotype, this machine has been commonly 
used for printing until our days 

— one hundred years had elapsed since an outstanding Watt’s de- 
sign of a classical double-acting steam engine, when the English- 
man CHARLES ALGERNON PARSONS (1854—1931) invented a 
reaction steam turbine, which in the following periods replaced 
steam engines in their historical significance. For a majority of 
propulsion applications rectilinear reciprocal movement of a steam 
engine was more a drawback than a merit and its conversions 
into rotary movement meant losses. Turbines did not have any 
such drawbacks. They were mainly suited for driving of power 


from 
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generators. It was in conjunctions with the power generating ma- 
chines that the turbines acquired their epochal significance for 
modern times 

— the German engineer PAUL GOTTLIEB NIPKOW (1860—1940} 
much contributed to the future invention of television by his inven- 
tion of his take and reproduction discs, This disc which is known 
as Nipkow’s disc decomposes pictures into a number of points of 
light. The television set, which Nipkow in fact devised through 
his disc and a selenium cell, could not have been used yet for any 
practical purposes 

— locomotive wheels are made of cast steel 

-— the Frenchman LOUIS HILAIRE DE CHARDONNET (1839—1924} 
received a patent for the production of artificial cellulose silk 
made of nitrocellulose. Later, in 1891 its industrial production was 
started 

— the first dirigible airship, capable of circumscribing a circle in 
its flight, was built by the Frenchman CHARLES RENARD (1847— 
1905) 

— the Russian pioneer of aviation ALEXANDER FYODOROVITCH 
MOZHAYSKY (1825—1890) built an airplane whose propeller was 
driven by two steam engines of 20 and 10 HP (14,92 kW and 
7,46 kW), later on by another steam engine giving 50 HP (37,31 kW). 
He tested his airplanes at Krasnoye Selo near Petersburg. It is not 
clear, whether Mozhaysky’s airplane became actually airborne, se- 
parated from the ground by a couple of centimeters at the distan- 
ce of several meters 


— the German PAUL MAUSER (1838—1914)] invented a repeating 
rifle with a cylinder lock and a fixed magazine 


1684 — in a number of cities are built street tramway lines — 
in Vienna, Glasgow, Frankfurt am Main, in Richmond and else- 
where 


— almost at the same time as DAIMLER also the German CARL 
FRIEDRICH BENZ (1844—1929) built his low-speed petrol engine. 
it had electric ignition, Also Benz used his engine to drive an 
automobile. It was, in fact, a petrol tricycle with a flat cylinder. 
This vehicle was apparently finished earlier than Daimler’s car, 
already in 1885. In 1886 Benz showed his automobile to the public. 
He also built a motorboat 

— electricity begins to be used also in mining and in the following 
development competes as a new source of propulsion with compres- 
sed air. In spite of newly invented coal cutters, drills and driving 
machines, a greater majority of extration works is still done ma- 
nually and mechanization penetrates this field with a considerable 
delay 
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— the Austrian chemist KARL AUER of Welsbach (1858—1929) 
finds out that a mixture of 99 % of thorium oxide produces a very 
bright light, if heated in Bunsen burner to about 2100°. This fact 
helped him to invent his gas Auer mantle, which meant a new 
stage in modern gas lighting. Thanks to this mantle gas lights 
could compete for a long time with electrical bulbs and in a way 
they hampered the progress of electrification 

— the first carbornndum for the production of grinding stones was 
produced by the Englishman COWLES, its production was later 
improved by E. G. ACHESON 

— appear the first press fasteners 


— the German REINHARD MANNESMANN (1856—1922) together 
with his brother MAX invented a new method of rolling of seam- 
less steel tubes by oblique arrangement of rollers. Soon this pro- 
cess became widely spread in large-scale industrial productions 


— international standard time is introduced 


1885—1887 — NIKOLA TESLA of Yugoslavia (1856—1943), living in Ame- 


1886 
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rica, discovered in 1885 a rotating magnetic field. Independently 
of him the same discovery was made by the Italian GALILEO FER- 
RARIS (1841—1897). In the years which followed Tesla built and 
sent for patent registration seven principal inventions, represen- 
ting the basis of multi-phase current electroengineering. He used 
his rotating magnetic field for the construction of induction two- 
phase and three-phase generators, multi-phase transformers «and 
the transmission of power by rotating currents. Similar inventions 
were simultaneously worked on also by Ferraris and some other 
electrical engineers. It was Tesla’s multi-phase system which 
enabled transmission of powers at considerable distance with 
small losses and utilize it for the needs of industries 


— the Czech engineer HANUS KARLIK (1850—1927) invented 
a better method of saturation in sugar manufacture. His process 
became widely spread in the world where it became known as 
the Karlik’s triple saturation. A whole number of Czech techni- 
cians contributed in the 2" half of 19'* century through their nu- 
merous inventions to the progress of sugar manufacture in Bohe- 
mia and abroad 

— the German physicist HEINRICH HERTZ (1857—1894) proved 
experimentally the existence of electromagnetic waves. His proof 
became the basis for the development of wireless telegraphy and, 
later on, even radio engineering 

— the French metallurgist PAUL LOUIS HEROULT (1863-1914) 
invented a method of industrial production of aluminium by elec- 
trolysis. This process is being widely used even nowadays 

— the German optician CARL FRIEDRICH ZEISS (1816—1888) 
founds an optical glass factory in Jena. He is assisted by the pro- 


fessor ERNST ABBE (1840—1905), and the chemist FRIEDRICH 
OTTO SCHOTT (1851—1935), who contributed to its main techno- 
logical concepts 

— gold can be obtained from poorer ores by cyaniding 

-—~ a cast steel foundry is founded at the Skoda works in Pilsen. 
Practically at the same time another steel foundry is built at 
Vitkovice 


1886—1890 — many designers are trying to build a new internal com- 


1887 


. 


bustion engine for heavy fuels, for the time being with hardly any 
success 


— the German electrotechnician ROBERT AUGUST BOSCH (1861— 
1942) founded in Stuttgart a factory, where he begins to produce 
magneto ignition systems for internal combustion engines 


-—— the American of German origin EMILE BERLINER (1851—1929) 
invented a gramophone with disc records. Although Edison made 
numerous improvements of his cylinder phonograph, it lost even- 
tually to Berliner’s gramophone competition 


— the Swede ALFRED NOBEL (1833—1896} invented ballistite, 
a new type of smokeless powder produced from nitroglycerin and 
nitrocellulose 

— the American HANNIBAL GOODWIN (1822—1900) invented 
film, a new base material for photography emulsion. His inven- 
tion was immediately taken up by GEORGE EASTMAN (1854—1932) 
for the production of roll films for his Kodak cameras, which 
began to be mass produced 

— the Kfizik Electrotechnical Plant built the first public electric 
power stations in Bohemia, first at Pfsek and then at Jindrichdv 
Hradec. Krizik also demonstrated the first electrical street lighting 
system on the Town Square at Jindrichiv Hradec 

— the German photographer OTTOMAR ANSCHUTZ (1846—1907) 
used a slot shutter for photographing rapid movement. In this 
way he was able to obtain highly contrasting series of photo- 
graphs which he then observed “in movement” on a “magic 
drum”, called a tachyscope 

— the Scot veterinary JOHN BOYD DUNLOP (1840-1921) re-in- 
vented and utilized already existing inflatable rubber tyres — for 
the first time for his son’s velocipede. This provided the incentive 
for the later founding of a factory for the production of tyres 


1887—1892 — the Russian inventor PAVEL DMITRYEVICH KUZMINSKY 


(1840—1900) invented and produced the first reversing gas-turbine 
of the radial type. However, the practical utilization of gas tur- 
bines did not occur before the beginning of the 20" century, when 
they made a strong impact upon the development of aviation and 
other fields 
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— the Russian physicist ALEXANDER GRIGORYEVICH STOLETOV 
(1839—1896) studied examples of photo-effects; he pointed to the 
possibility of transforming light energy into electrical energy and 
made a photo-cell 


— the French mechanical engineer CHARLES EMILE REYNAUD 
improved his previous Praxinoscope projector for the projection 
of longer sequences of pictures from a band of film placed in 
a linen frame with metal perforated inserts. He projected only 
drawings of phases of movement 


— the Russian inventor of Serbian origin OGNESLAV STEPANO- 
VICH KOSTOVICH (1851—1916) constructed a petrol combustion 
engine with a carburetter which he intended to use for the 
driving of a dirigible airship he was designing 


— Prague was constructing its first manual telephone exchange 


— the Russian inventor FYODOR ABRAMOVICH BLINOV (1827 or 
1832—1899} completed an improved design for a tractor with 
caterpillar bands; this time he used a steam engine of his own 
design. Also in the United States FRANK BATTER registered a pa- 
tent for a steam tractor with bands 


— the Russian NIKOLAY GAVRILOVIGH SLAVYANOV (1854—1897 ) 
continued in the work of Benardos and discovered further uses 
for electrical welding. He did not use electrodes made of carbon, 
but of the same metal as that being welded. The metal electrode 
was melted by the heat generated from an electric arc and sealed 
the place of welding 


— GASSNER made a dry galvanic cell by improving the cell made 
previously by Leclanché 

— Berta Benz with her two sons made the first long-distance 
trip in a petrol engine automobile from Mannheim to Pforzheim. 


Thus the first ploneer of long-distance automobile travel was a 
woman 


after the year 1888 — the industrial production of petrol driven auto- 


mobiles was begun in France, on the basis of a design by the 
Daimlers 


1888—1889 — FRANTISEK KRIZIK (1847—1941) built his first Prague 


1883 
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electric power stations, first a smaller one in Karlfn and then 
a large municipal electrical power station at ZiZkov 


— the French engineer ALEXANDRE GUSTAVE EIFFEL (1832— 
1923) built his famous Eiffel Tower in Paris; it is 305 m high 
and was thus the highest construction in the world. It was built 
without scaffolding and the riveting was done pneumatically 


— the Poldina hut steel mill was founded at Kladno; later it be- 


came famous throughout the world for its output of high-quality 
steel 


— the Yugoslav NIKOLA TESLA (1856—1943) began to produce 
and sell small electrical ventilators for households. This was one 
of the first electrical gadgets which served homes and thus in- 
dicated an endless line of other similar products 

— the American WILLIAM KENNEDY LAURIE DICKSON, working 
in Edison’s laboratories at West Orange, projected the first sound 
motion picture in the world. We do not have information on the 
extent to which Edison himself participated tn the design of the 
projection camera and other apparatus; it seems however, that 
Dickson worked independently, on the basis only of some of 
Edison’s instructions. What is certain, is that in 1891 Edison ob- 
tained a patent for the system 

— the American HERMANN HOLLERITH (1860—1929) designed 
high performance adding machines for a population census in 
the USA. These machines were the first single purpose tabulation 
and calculation machines using punch cards. Punch card techni- 
ques were later widely used in modern computers 

— in Deptford in England the first electrical power plant of a 
new type was being constructed for providing downtown London 
with electrical current. It used a FERRANTI alternating current 
generator and had a voltage of 10,000 V. It used high voltage 
alternating current which made it possible to transmit electrical 
energy over long-distances from a central source to users 

— in Chicago the Monadnock Building skyscraper with 16 floor 
levels was completed 

— the German GOTTLIEB DAIMLER (1834—1900) obtained a pa- 
tent for a two cylinder four-stroke V shaped engine with 700 
r. p. m. 


1889—1886 — the German aviation pioneer OTTO LILIENTHAL (1848— 


1896) made over 2000 flights up to distances of 350 m in gliders 
of his own construction; he also made a significant contribution 
to the theoretical study of flying. He was killed during the flight 


before the year 1890 — electrical drive began to be used in machine 


1890 


production and gradually replaced very complex transmissions 
used to transmit power from a steam drive to individual machi- 
nes. However, the process of introducing electrical motors was 
a long-term one 


— the first double parachutes are used 

— the Czech painter and graphic artist KAREL VACLAV KLIC 
(1841—1926), during his stay in England, invented the finest 
quality reproduction technology, known as gravure printing, which 
is still in use for the most demanding prints 

— the Frenchman ANDRE MICHELIN (1853—1931}, together with 
his brother EDOUARD, improved rubber tyres so that they could 
be dismantled more simply and began their industrial production 
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— the Frenchman CLEMENT ADER (1841—1925) built his first 
airplane, called “Ecole”, with bat-like wings and steam drive 
According to French sources he was successful in becoming air- 
borne for about 50 m at a small altitude. It seems that this was 
the first overcoming of the earth’s gravity with an airplane 
heavier than air (if of course Mozhaysky was not successful in 
doing so already in 1884). The wing-span of the airplane was 
14 m and its weight was 296 kg airborne 


— the professor of the Moscow University NIKOLAY YEGOROVICH 
ZHUKOVSKY (1847—1921} published his study “Towards a theory 
of flight” and thus iniciated a series of research papers which 
laid the theoretical foundations for the theory of aviation in 
Russia 


after the year 1890 — armies begin to use the first practically usable 
submarines 


— the Yugoslav NIKOLA TESLA (1856—1943} founded in New 
York, in 1889, a laboratory where he improved his systems of 
multiphase currents and especially of electrical high voltage and 
high frequency currents. During subsequent years these so-called 
Tesla currents were used for the lighting of light tubes over long 
distances and since 1893 for the wireless transmission of news. 
He was the first to use an antena. Above all he investigated the 
possibility of wireless transmission of electrical power over long 
distance — a problem still waiting for its solution 


— several new methods of producing artificial silk are discove- 
red, above all a process in which viscose is obtained from a so- 
lution of alkall-cellulose in carbon disulphide. In 1898 STAERN 
began its industrial production which is still in operation. Ace- 
tate silk was not produced before 1902 


— in the USA and later in England experiments were carried out 


with the first tractors with combustion engines which soon made 
the steam engine obsolete 


1890—1893 — the English express railway steam locomotive “Cramp- 
ton” achieved a speed of 144 km and in 1893 the American lo- 
comotive “Empire State Express” already achieved a speed of 
180 km per hour 


1880—1894 — an electrical iron was invented; its shape was practi- 
cally the same as those made today 


1891 — the Russjan electrical technician MIKHAIL OSIPOVICH DOLI- 
VO-DOBROVOLSKY (1862—1919) constructed, for exhibition pur- 
poses, the first long-distance transmission of alternating current 
for a distance of 175 km between Frankfurt am Main and 
Laufen am Neckar. A water turbine on the Neckar river drove 
a three-phase current generator; its output was transformed to 
25 thousand volts, transmitted to Frankfurt and again transformed 
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to 100 V. In this manner the first prototype of long-distance 
electrical high voltage power transmission was formed, upon 
which present day electrification is based 

— he also designed an electrical motor using three-phase alterna- 
ting current, which in principle is still used today for power drive 
purposes. Contradictory opinions exist as to the extent that Tesla’s 
patents contributed to this design 

— the French physicist EDOUARD BRANLEY (1844—1940) inven- 
ted the coherer; it served as a detector for the reception of electro- 
magnetic waves during the early stages of wireless telegraphy 

— FRANTISEK KRIZIK (1847—1941} constructed and put into ope- 
ration the first Prague electric tramway at the occaston of the 
Jubilee Exhibition; its tracks led from the district of Letné to the 
Exhibition Grounds. At this exhibition KfiZik also became famous 
for his electrical lighting installations for the fountain which 
greatly contributed to publicity for electrification in Bohemia 

— the Russian chemist VLADIMIR GRIGORYEVICH SHUKHOV 
(1853—1939) obtained a patent for the continuous fractional 
distillation of petroleum and the continuous extraction of gas from 
petroleum or its products. This process was fully appreciated du- 
ring the subsequent development of automobiles and aviation, 
Shukhov also later constructed the first crude petroleum pipeline 
and designed large scale ships for the transportation of petroleum 
— the French physicist GABRIEL LIPPMANN (1845—1921) invented 
colour photography on the basis of light interference 

— the American THOMAS ALVA EDISON (1847—1931) received 
a patent for his cinematographic camera. At the same time he 
also registered his Kinetoscope, a special instrument for the obser- 
vation of a film by a single person. Edison mistakenly assumed 
that this instrument had a greater future before it than the cine- 
matograph 

— Edison’s collaborator W. K. L. DICKSON made the first motion 
picture. A revolving shutter made it possible to view each frame 
separately with the aid of a ,,Maltese cross“. Photographic film on 
a nitrocellulose base was used, which from 1889 were manufactu- 
red by Eastman 


since the year 1891 — a number of electrotechnical inventors designed 
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high frequency alternators, the first was probably designed by 
NIKOLA TESLA 

— the Frenchman GEORGES DEMENY (1850—1917) chronophoto- 
graphically captured on a roll the faces of speaking persons and 
then projected his pictures with the aid of a stroboscope 

— the first film studio was built in West Orange, which T. A. EDI- 
SON (1847—1931) built according to W. K. L. Dickson’s design. 
It was called the ,,Black Mary“ and it was here that the systema- 
tic making of motion pictures was begun 
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— the Frenchman CHARLES EMILE REYNAUD In Paris opened at 
the Musée Grévin the first clnema in the world, where cartoons 
were shown to the public. He used an optical projection of pictu- 
res with the aid of a rotating drum with mirrors 
— the German engineer WILHELM SCHMIDT (1858—1924) desig- 
ned the first steam engine for super-heated steam 


— German physicists HANS FRIEDRICH GEITEL (1855—1923) and 
JULIUS ELSTER (1854—1920) improved the photoelectric cell; in 
its subsequent uses it contributed to the development of sound 
motion pictures, television, automation, etc. 

— the American EDWARD GOODRICH ACHESON (1856—1931) de- 
signed an electrical furnace in which he produced synthetic car- 
borundum out of synthetic graphite. This abrasive was in a short 
time extensively used in machining and often replaced machine 
cutting 

— the German pioneer of automobile transport and aviation 
WILHELM MAYBACH {1846—1929)} invented a float carburetter 
for petrol engines. Independently of him also the Hungarian DO- 
NAT BANKI designed a similar carburetter 

— the Englishman ROBERT WILLIAM PAUL (1869—1943) designed 
and produced a camera and projector and made the first motion 
pictures in Enghand 

— the American HENRY FORD (1863—1947) constructed his first 
automobile 

— the Russian inventor YAKOV VASILYEVICH MAMIN (1873— 
1955) designed the first self-propelled car, similar to contempo- 
rary tractors, driven by a combustion engine using diesel oil 

— ball bearings are beginning to be used in the design of auto- 
mobiles 

— the first locomotives driven by petrol combustion engines 
appear; they are first used in trams 


1893—1894 — the American JAMES NORTHROP designed an automatic 


weaving machine with self-acting replacement of bobbins in the 
shuttle. This machine made it possible to save half the labour 
power servicing weaving machines 


1893-1895 — in Petersburg the engineer D. SHVARTS attempted to de- 


sing an all-metal dirigible airship 


1893-1897 — the German RUDOLF DIESEL (1858—1913) designed and 


128 


patented a new type of highly economical constant-pressure com- 
bustion engine driven by diesel ofl, which is today usually called 
a diesel engine. It has the best fuel utilization parameters and 
can use cheaper types of fuel which cannot be atomized in a car- 
buretter. During further development its advantages in the majo- 
rity of cases outstripped steam engines so that it now serves in 
land and water transport, in industry and often also for the pro- 
duction of electrical energy 


Marcel Depréz’ experiment with the transfer of electric current to a distance of 57 km, 1882 


Carl Benz’ engine-driven tricycle, 1885 


Victoria Benz automobile from the collections oj the National Technical Museum, 1893 


President, the first Czech automobile, 1897 


Racing car from Kopfivnice (later Tatra}, 1899 


Otto Hahn's working table where the fission of uranium 235 isotope was discovered 
in 1938 


View of the collection of locomotives at the National Technical Museum in Prague 


Transport Hall of the National Technical Museum in Prague 


1894 


1895 


— in France th first international automobile race was organised 
between Paris and Rouen 

— the Germans HEINRICH HILDEBRAND and ALOIS WOLFMUL- 
LER in Munich designed a motorcycle with a four-stroke, two cy- 
linder engine. It performed at 1,5 HP (1,2 kW) with a speed of 
50 km per hour. This machine already had a number of elements 
which approach modern designs. It was produced industrially 
and sold to a number of countries, including Bohemia 


— in Bohemia the first Benz-Victoria automobile appeared, which 
THEODOR LIEBIG used for a long-distance journey of 2500 km 


— the Czech engineer GUSTAV VIKTOR FINGER (1854—-1919) de- 
signed the airplane ,,Cyklon“, which included a number of pro- 
gressive elements; essentially this was a jet design. It was, howe- 
ver, not built at the time 

— on the railway track between Paris and Nantes an electrically 
driven locomotive designed by HEILMAN was tested; it had all 
axles driven by electromotors. It achieved a speed of 100 km per 
hour 

— in machine production the first automatic multi-spindle lathes 
for a number of operations were introduced 

— the famous ,flag law“ in England, according to which a man 
with a flag had to walk in front of a motor vehicle whose speed 
could not exceed 3,2 km per hour, was finally abolished 

— the American K. C. GILETTE invented his famous razor blades 
for shaving 

— ROBERT BOSCHE’S magnetic ignition was for the first time put 
into Benz automobiles 

— VACLAV LAURIN (1865—1930) and VACLAV KLEMENT (1868— 
1938) founded the production of velocipedes at Mladaé Boleslav 
— in Germany the first tests are undertaken with gas engines 
driven by blast furmace gas 

— FRANTISEK KRIZIK (1847—1941) built an automobile with an 
electrical motor which performed at 5 HP (3,72 kW), with trans- 
mission to the real axle by planetary gearing; in his second 
electromobile Kfizik used two chains for transmission of power 
to the real wheels 

— an automobile for the first time travels through the St. Gothard 
pass in the Alps between Switzerland and Italy 

— the Frenchman AUGUSTE LUMIERE (1862—1954) and his brot- 
her LOUIS (1864—1948) on the Boulevard des Capucines in Paris 
held the first cinematographic projection for the public. Their 
apparatus served as a camera, copying machine and projector in 
one. This moment is considered to be the actual beginning modern 
cinematography 
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1895—-1901 — the Russian electrotechnician ALEXANDER STEPANOVICH 


POPOV {1859—1905) demonstrated in public his radiotelegraphic 
transmission. An oscillator, previously invented by Hertz, served 
as a source of electromagnetic oscillations. The receiver was com- 
posed of a coherer, electrical bell, telegraph relay and also an 
antena. During the next year he was able to demonstrate trans- 
mission to a distance of 0,25 km. In 1897 he was successful in trans- 
mission between the mainland and a ship 5 km at sea. In 1899 
Popov constructed an instrument for the reception of radio signals 
by ear with the aid of a telephone receiver. Since 1895 work on 
wireless telegraphy was also done by the Italien GUGLIELMO MAR- 
CHESE MARCONI (1874—1937), who probably at first continued 
in the work done by Popov. Later he utilized Tesla’s results. In 
1901 he was successful in achieving radiotelegraphic communica- 
tion between America and England 


after the year 1895 — the Yugoslav NIKOLA TESLA (1856—1943) built 


1896 


in Colorado a transmission and reception station working with 
long and non-dampened waves. He was successful in making 
contact for a distance of 2000 km 


— the Czech engineer EMIL KOLBEN (1862—1943) who at one 
time worked in Edison’s laboratory, founded at the Prague district 
of Vysoéany a plant for the production of electrotechnical equip- 
ment which soon began to specialize in the production of machi- 
nes and transformers for three-phase, AC current 

- the first electrical lamps attached to miners’ headgear appear 
in English mines 

— the Russian designer VLADIMIR GRIGORYEVICH SHUKHOV 
(1853—1939) built a tower made of hyperbole-shaped steel seg- 
ments for the All-Russian Industrial Exhibition held in Novgorod 
— the Americans JUDSON and EARLE invented zip. In subsequent 
years it was improved upon, before achieving its present final 
form 

— JAKOB LOHNER in Vienna began with the industrial production 
of electromobiles on the basis of a design by FERDINAND POR- 
SCHE (1875—1951) 


1896—1898 — the first large scale hydro-electric power plant for the 


1897 
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long distance transmission of electrical energy was built at Niaga- 
ra Falls in the USA. A struggle took place between those who fa- 
voured direct current (Edison) and alternating current (Tesla). 
Multi-phase AC current won out and thus began its wide-spread 
use during further electrification. Hydraulic turbines were used 
to drive the Niagara power plant 


— the German physicist KARL FERDINAND BRAUN (1850—1918) 
invented a cathode tube which after subsequent improvements was 
used for the development of television. Braun also contributed in 


a number of aspects to the early development of wireless tele- 
graphy, built a closed oscillation circuit, etc. 

— the Swedish engineer SALOMON AUGUST ANDREE (1854— 
1897) used a balloon to fly to the North Pole; he died before rea- 
ching his destination, together with two collaborators who accom- 
panied him 

— the German chemistry professor WALTHER HERMANN NERST 
(1864—-1941} invented a new type of electrical lamp with the 
support rod made of rare earth oxides. Nerst’s lamps provide 
a high degree of luminous intensity 

— in Germany the industrial production of synthetic indigo was 
begun. This was made possible on the basis of processes deve- 
loped by the chemist HEINRICH CARO (1834—1910) who inven- 
ted methods for producing aniline dyes and other synthetic dyes 
— the Russian mechanic IVAN VSEVOLODOVICH MESHCHERSKY- 
(1859—1935} published his first study on the flight of rockets 
— in Germany the first bus with a cembustion engine began to 
be used 

— in England the first steamer driven by a steam turbine was 
built; it was named “Turbinia” and was designed by the inventor 
of the steam turbine CHARLES ALGERNON PARSONS (1854— 
1931). The turbine steamer was much faster than the fastest ships 
of the time; soon after the turn of the century steam turbine 
drive on ships was introduced on a large scale 

— the Yugoslav NIKOLA TESLA (1856—1943) registered a patent 
for a high frequency transformer 

— ROBERT BOSCH (1861—1942) in Germany undertook experi- 
ments with electromagnetic touch apart ignition for high-speed 
engines 


1897—-1898 — at the carriage factory at Kopfivnice the first Czech 


petrol driven automobile, the “President” was built; its two cy- 
linder engine was made by the Benz company. Among those who 
designed and built the automobile were also the Czech engineer 
LEOPOLD SVITAK (1856—1931). HANS LEDWINKA (born 1878), 
was another outstanding designer at Koprivnice 


1898—1899 — the Frenchman PAUL LOUIS HEROULT (1863—1914) im- 


1898 


proved the electrical resistance furmace for the production of 
steel 


— in Manhattan, New York, the construction of a 26 floor sky- 
scraper was completed 

— the Austrian chemist KARL AUER from Welsbach (1858—1929} 
invented an csmium lamp; it was the first lamp with a metal 
filament; in this way Auer indicated the subsequent direction for 
the modern development of lamps 
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— Benz’s automobiles for the first time were furnished with 
steering swivel pins 


— the German inventor and engineer WILHELM SCHMIDT (1858 
—1924) designed the first locomotive for superheated steam 

— the production of automobiles in series begins in the USA. 
The largest producer, Alexander Winton, produces 21 cars a day 


— the brothers LOUIS and MARCEL RENAULT founded the first 
factory for automobiles in France 


— the Russian designer GUSTAV VASILYEVICH TRINKLER (1876 
—1957) registered a patent for a compressor-less high pressure 


combustion engine with self-ignition; it was later produced in 
Germany 


— the Italian metalurgy engineer E. STASSANO improved the 
electrical furnace and carried out the first heat of so-called 


electric steel. KJELLIN constructed another type of this furnace 
in 1900 


1899 — the German chemists ADOLPH FRANK (1834—1916) and HEIN- 
RICH CARO (1834--1910}) invented a method for the industrial 


production of calcium cyanamide, which began to be extensively 
used as a fertilizer 


— VACLAV LAURIN (1865—1930} and VACLAV KLEMENT (1868— 
1938) made the first Czech motocycle with electromagnetic igni- 
tion at Mladé Boleslav, called ,Slavia“. Further models were im- 
proved and already in 1904—1905 Mlad4 Boleslav motocycles were 


celebrating famous victories in international races and achieved 
average speeds of 80 km per hour 


— with SIEBERT’S machine the machine production of glass was 
begun 

— in the Italian city of Turin the FIAT automobile works, in Ger- 
many the Horch company and in the USA Cadillac (originally the 
Detroit Motor Company, where Henry Ford also worked) were 
founded 

— the Frenchman CAMILLE JENATZY achieved an automobile 
speed record with his electrical car in the shape of a torpedo 


called “Jamais Contente” (Never satisfied). On a cursory kilometr 
he achieved 105,8 km per hour 


1893—1901 — the French engineer and scientist AUGUSTE RATEAU 
(1863—1930) designed a highly efficient four-stage impulse 


before 1900 — in mining operations shafts are ventilated by a piston 
ventilator driven by a steam engine 
— electricity is used for blast work in mining 


— acetylene-oxygen gas is used for cutting steel 
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around the year 1900 — scientific research has a greater influence 


1900 


upon technical development. In a number of countries scientific 
and technological research laboratories are organized with the 
specific purpose of serving industry 


— in underground extraction, pillar and chamber face working is 
used 


— in Petersburg the first semi-operational chemical laboratory 
for the study of the influence of high pressures upon the course 
of chemical technological processes was organized 


— furnaces for the production of cast steel are now big enough 
for several tens of tons in a single charge 


— the American engineer JOHN MOSES BROWNING (1855—1926) 
improved the automatic revolver invented by P. MAUSER. The 
weapon now carries Browning’s name 


— in Paris the first section of the underground (metre) was 
built 


— the Russian engineer YOSIF LAZAROVICH POLYAKOV (1877 — 
date of death not known) invented a method of utilizing photo- 
cells for the reproduction of photographic sound recordings. In 
1903 he obtained a Russian and American patent 


— the Danish electrotechnician VALDEMAR POULSEN (1869— 
1942) invented a method of magnetic recording of sound and thus 
formed the prerequisites for the future development of tape re- 
corders 


— the German pioneer in the field of airships lighter than afr, 
FERDINAND ZEPPELIN (1838—1917), designed a number of diri- 
gible air ships with a firm frame which were used in regular 
operations. He went aloft in his first airship on July 2™ 1900. 
Before the outbreak of World War Zeppelin’s air ships trans- 
ported a total of 35 thousand passengers 


— the American brothers WILBUR WRIGHT (1867—1912) and 
ORWILLE WRIGHT (1871—1948) conducted numerous experi- 
ments with gliders and scientifically investigated the problems of 
flying 

— the American physicist MIHAILO PUPIN (1858—1935) intro- 
duced an induction coil in long-distance telephone lines thus 
making it possible to greatly extend the range of telecommuni- 
cations 


— high-speed steel with 18% tungsten and 4% chromium was 
used for machining; the thermal process for producing this ex- 
cellent steel was invented by M. WHITE and F. W. TAYLOR 

— the Swede JOHANN AUGUST BRINELL (1849—-1925) developed a 
metal hardness scale which carries his name; he designed a me- 
thod of measuring the hardness by pressing a tiny ball of uni- 
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form diameter and with a constant force into a metal. On the 
basis of the size of the impression left by the ball the hardness 
of a material is determined (“according to Brinell’”) 

— the Russian chemist IVAN LAVRENTEVICH KONDAKOV (1857— 
1931) discovered a method of transforming hydrocarbon dimety]- 
butadiene into synthetic rubber. The Bayer works in Germany 
attempted industrial production, but on a very limited scale 

— automobiles with brakes on all four wheels begin to appear 

— velocipedes are fitted with the first overrunning clutch, which 
make it possible for the rider to stop pedalling for periods of 
time. The inventor of the overrunning clutch is E. SACHS 

— the Swedish metalurgical engineer F. A. KJELLIN introduced 
an electrical induction furnace 

— H. HARMET introduced the solidification of ingots under pres- 
sure in a press ! 


1900—1901 — the American REGINALD AUBREY FESSENDEN (1866— 


1901 
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1932) was the first to be successful in the transmission of the 
human voice by wireless telegraphy and thus iniciated the era 
of the radio 


— the German engineer SCHIEMANN designed an _ operational 
trolleybus 

— the Frenchman LEON SERPOLLET achieved a speed of 101 km 
per hour with his steam car 

— the Englishman OWEN WILLIAMS RICHARDSON (1879—1959) 
greatly influenced the possibility of producing vacuum valves by 
defining the law of emission of electrons from hot metals (Ri- 
chardson’s equation determines the density of a saturated current 
depending upon temperature and the output potential of the 
cathode) 

— the Brazilian aviation pioneer ALBERTO SANTOS-DUMONT 
(1873—1932) designed a dirigible air ship with a combustion 
engine and was successful in flying it around the Eiffel Tower in 
Paris . 

— the German chemist RICHARD ADOLF ZSIGMONDY (1865— 
1929) designed, in collaboration with H. F. SIEDENTOPF an effecti- 
ve ultramicroscope. It utilizes Tyndall’s phenomenon for determi- 
ning very small particles, which cannot be seen in a microscope 
— the Italian GUGLIELMO MARCHESE MARCONI (1874—1937) 
carried out the first radio-telegraphic communication between the 
Old and New Worlds across the Atlantic Ocean 

—.the Russian metalurgical engineer VASIL PETROVICH IZHEV- 
SKY (1863—1926) designed a melting electrical resistance fur- 
nace 

— steam turbines are used as driving power for merchant ships 
and gradually replace steam engines, especially in fast ships 


— the American REGINALD AUBREY FESSENDEN (1866—1932) 
designs a wireless television system, without practical success at 
this time 

— the French chemist HENRI LOUIS LE CHATELIER {1850—1936) 
discovered the possibility of a synthetic production of ammonia 
from nitrogen and hydrogen. This process was later developed 
for large-scale industrial production 

— in work with metals autogenous cutting, invented by MENN, {fs 
used 

— the German C. KOTTGEN designed an extraction machine dri- 
ven by electricity which is used in mining 

— the Daimler Company begins to sell a new modern type of 
automobile called Mercedes, designed by WILHELM MAYBACH 
(1846—1929). This car became for a number of years the classt- 
cal prototype for other automobile designs; it performed at 35 HP 
(26,1 KW) and weighed less than 1000 kg 

— the Poldina huf steel mill at Kladno introduced the production 
of high-speed steel. It became one of the world’s foremost steel 
mills 

— the German GOTTLOB HONOLD designed for the Bosch Compa- 
ny the first automobile ignition system with a high voltage 
magnet, in contrast to the previously used touch spark ignition 


system 
— the first automobile trip around the world is started 
after the year 1901 — the German physicist and electrical engineer 


KARL FERDINAND BRAUN (1850—1918) constructed the first 
crystal detector which was widely used in the early stages of the 
development of the radio 


1902 — the first conveyer belts are introduced in mining operations. 
The development of their design continued until the beginning 
of World War I; at this time they are not yet widely used 
— the French chemist FERDINAND FREDERIC HENRI MOISSAN 
(1852—1907) invented a new, much improved electrical arch fur- 
nace which achieved high temperatures and thus influenced the 
further development of electrochemistry 
— in France on the Seine river experiments were carried out 
with a motorboat driven by a diesel engine 
— the industrial production of automobiles changed from piece 
work to production in large series; the first prerequisite for this 
was the introduction of interchangable parts and their mass pro- 
duction. Some American companies already produced several 
thousand cars annualy 

- — the Russian aviation pioneer SERGEY ALEXANDROVICH TCHA- 
PLIGIN (1869—1942) continued in the work of Zhukovsky and 
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1903 
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developed the theory of high speed flight; he thus made a signi- 
ficant contribution to the design of numerous airplanes, especially 
during World War I 

— it was found that the earth’s atmosphere has a strongly ionized 
layer capable of reflecting radiowaves, which make long-distance 
reception possible. This discovery is attributed to the American 
ARTHUR EDWIN KENELLY (1861—1939) and the Englishman 
OLIVER HEAVISIDE (1850—1925) [The Kenelly-Heaviside layer] 


— the Russian designer IVAN GRIGORYEVICH BUBNOV {1872— 
1919) developed the theoretical aspects of marine transport and 
built the first Russian submarine 


— the German electrical engineer ROBERT AUGUST BOSCH (1861 
—1942) began the production of automobile spark plugs 
— front drive appears in automobile designs 


— in Petersburg on the Neva river a motorboat is launched which 
is driven by a diesel engine. During the subsequent decade, 70 
such motorboats with diesel were in operation 

— the Norwegian KRISTIAN OLAF BIRKELAND (1867—1917) in- 
vented, together with his countryman EYD the technology of 
nitrogen production from the air on a large scale with an electri- 
cal arc 

— an electrical locomotive in Germany, near Berlin, achieved a 
speed record of 203 km per hour 

— modern petrol lighters begin to be used 

— the Czech inventor FRANTISEK KRIZIK (1847—1941) built the 
first electrical railway in our country from Tdbor to Bechyné, 
which was driven by direct current motors and a triple con- 
ductor system. His design for electrical locomotives was very 
progressive, especially his design for a locomotive for the Vienna 
Railway in 1905 with twice 1500 V voltage 

— the first successful flights of airplanes with engines take place. 
The Americans WILBUR WRIGHT (1867—1912) and ORWILLE 
WRIGHT (1871—1948) were not the first who were sucessful in 
these flights, but they designed dirigible airplanes and after the 
first flights of several seconds they continued in their experi- 
ments. In 1904 they were airborne for minutes and the next year 


over half an hour. Thus the Wright brothers should be considered 
the first successful aviators 


— in mining first attempts were made to use mechanical loaders 
during face driving. They were, however, widely put into use 
only after World War I 

— the Russian scientist KONSTANTIN EDUARDOVICH TSIOLKOV- 
SKY (1857—1935) published “The Exploration of Cosmic Space by 
Means of Reaction Motors”, which summed up the results of his 
long-term research. He thus for the first time considered, in a 
scientific manner, the possibility of space flight, mathematically 
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expressed the flight of a rocket and proved the necessity of using 
rockets for interplanetary flights. He recommended liquid fuel 
for rocket drive 

— the Dane VALDEMAR POULSEN (1869—1942) built an arc 
transmitter of un-dampened oscillations. This invention made it 
possible to build high performance radio transmitters 

— the American FREDERIC WINSLOW TAYLOR (1856—1915) 
published his book ,Shop Management“, in which he discussed 
the possibilities of the scientific organization of work and sugges- 
ted various methods of increasing the productivity of labour by 
increasing its intensity. His methods were widely used in capitalist 
large-scale production 

— the Hungarian inventor and electrical engineer OTTO TITUS 
BLATHY {1860—1939) designed one of the first rotors of a quadri- 
polar turbo-generator 

— in an automobile race between Paris and Madrid average 
speeds of 105 km per hour were reached. However, a number of 
accidents occured and the race had to be interrupted. Marcel 
Rénault suffered wounds which led to his death 

— HENRY FORD (1863—1947} founded the Ford Motor Company 
in Detroit, USA, for the mass production of automobiles 

— in American agriculture tilling with the first engine driven 
plough is introduced, which replaced the previous, mostly unsuc- 
cessful, attempts at steam tilling 

— the Slovak steam turbine pioneer AUREL STODOLA (1859— 
1942), who was on the staff of the Zurich Technical College, 
published his fundamental work ,,Damf- und Gasturbinen“ (Steam 
and Gas Turbines). He thus became famous as one of the foremost 
theoreticians in the field of turbines 


— the German ARTHUR KORN (1870—1945) invented a method 
by which photographs could be transmitted by telegraph. The first 
transmissions took place between Berlin and Munich. In 1907 the 
French physicist EDOUARD BELIN (1876—1963) also improved 
photo-telegraphy 

— the English electrical engineer JOHN AMBROSE FLEMING 
(1849—1945) invented a double electrode vacuum valve or a diode. 
It served as a detector of modulated oscillations. It was the further 
development of vacuum valves which made the practical success 
of radiotechnology and the transmission of the human voice 
possible 

— in the blast furnace production of cast iron, blast air enriched 
with oxygen is gradually introduced, thus making operations mo- 
re economical 

— the German physicist ARTHUR RUDOLF WEHNELT (1871—~1944) 
improved the cathode tube by adding a so-called Wehnelt cylinder, 
thus Influencing the further development of electronics 
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— the German engineer CHARLES HULSMEYER obtained a patent 
for a new method of determining metal objects by reflected elec- 
tromagnetic waves 


METORE the year 1905 — the German chemist HANS GOLDSCHMIDT 


1905 


1906 
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(1861—1923) utilized the high temperature of aluminium oxida- 
tion to invent thermit welding of an iron and aluminium compound 


— gyro compasses begin to replace traditional magnetic compas- 
ses. Their first designers were O. MARTIENSSEN and SPERRY, 
and in 1908 also the German H. ANSCHUTZ-KAEMPFE 

— the Czech electrical engineer and industrialist EMIL KOLBEN 
(1862—1943} built generators for 5000 kVA and 11500 V of alter- 
nating current for an electrical power plant in London. In their 
time, these were the largest generators in the world. Kolben was 
one of the foremost pioneers of multiphase AC in this country 

— the Dutch merchant ship ,Vulkanus“ was the first engine 
seaship. Combustion engines, mostly diesel engines, have gradually 
replaced steam drive in marine transport 

— the Germans W. BOLTON and OTTO FEUERLEIN demonstrated 
in Berlin a new type of lamp with a tantalum filament. This was 
the first practically usable lamp with a filament made of drawn 
wire 

— the first steel rolling mills with electrical drive are built 

— the firm of Laurin and Klement successfully began the pro- 
duction of a small automobile, the Voiturette type A, in the town 
of Mladaé Boleslav 

— acetylene is first used for autogenous welding of metals 

— JOZEF MURGAS (1864—1929), who was born in Slovakia, obtai- 
ned a number of US patents in the field of wireless telegraphy. 
He was successful in achieving wireless telegraphic communica- 
tion for a distance of 200 km on the basis of his own system, of 
transmission and reception 

-— the German chemist A. WILM (1869—1937) invented duralumin, 
an alloy of aluminium with 4 % of copper, 0,5 % of manganese 
and 0,6 % of magnesium 

— STANLEY’S American steam driven automobile set a record 


‘of over 200 km per hour 


— the Russsian scientist NIKOLAY YEGOROVICH ZHUKOVSKY 
(1847—1921} published a significant paper on the impact of aero- 
dynamic forces upon the wings of an airplane 

— the Frenchman EUGENE LAUSTE developed the possibility of 
sound film by his method of the photographic recording of sound. 
He was, however, unable to sufficiently amplify his recording 

— the Russian horticulturist IVAN VLADIMIROVICH MICHURIN 
{1855—1935) published the first results of his long-term - work; 
he had cultivated a number of new varieties of fruit which were 
resistant to the harsh northern climate 
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— the American electrical engineer LEE DE FOREST (1873—1961)} 
invented a vacuum valve with three electrodes, a so-called triode. 
This represented a decisive step towards the further development 
of radio technology. Almost simulteneously with Forest a valve 
amplifier was designed by the Austrian radio technician ROBERT 
LIEBEN (1878—1913) 

— crystal detectors are more widely used 

— the steel mills at Tfinec use electric drive in all their rolling 
mills 

— the Russian designer and theoretician VASIL IGNATEVICH 
GRINEVETSKY (1871—1919} developed a scientific method for the 
thermal determination of work processes in combustion engines 
— the American REGINALD FESSENDEN (1866—1932) was suc- 
cessful in transmitting the human voice to a distance 320 km by 
radiophony. In 1908 also the German radio technician ERNST 
RUHMER (1878—1913) transmitted the human voice from Bru- 
xelles to Liége, a distance of 110 km. Ruhmer used a light arc in 
the construction of an instrument for the generation of oscilla- 
tions in the transmitter 

— in Prague the Prague Factory for Automobiles was founded; in 
two years it developed into the Praga Plant 

— the first experiments with radio direction finding are underta- 
ken; these attempts were greatly improved upon and used during 
World War I 

— the German electrical engineer ARTHUR KORN (1870—1945) 
invented the wireless transmission of television signals 

— in Germany steel mills coke-oven gas is used for heating open- 
hearth furnaces 

— the American HENRY FORD (1863—1947) developed the mass 
production of automobiles and produced 15 000 automobiles of four 
basic types annually 

— the Russian physicist BORIS LVOVICH ROZING (1869—1933) 
designed a television signal receiver based on a vaive amplifier 
and a cathode tube 

— the American THOMAS ALVA EDISON (1847—1931), for the 
first time, introduced casting of concrete in construction 


1907—1908 — the first successful attempts to use engine propellers 


1908 


took place (by the Frenchmen BREGUET and CORNU) 

—~ the Czech designer JAN ZVONICEK (1865—1926), a pioneer tn 
the design of steam engines, designed a multi-stage, radial steam 
turbine which in many aspects contributed to the development of 
steam power drive 

— the German designer HANS HOLZWARTH (1877—?) invented 
the first operational gas turbine on the combustion principle. This 
engine was practically used in industrial operations 
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— HENRY FORD (1863—1947) began the production of his famous 
inexpensive model T automobile, which greatly contributed to the 
development of the automobile industry 


— the German chemist BRANDENBERGER invented the production 
of cellophane 

— the Russian chemist YEGOR IVANOVICH ORLOV (1865—1944) 
was succesful in producing synthetic ethylene for the first time 


1908—1909 — the German chemists FRITZ HABER (1868—1934) wand 


1909 


1910 
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CARL BOSCH (1874—1940), on the basis of a discovery by LE CHA- 
TELIER from 1901, developed the technology of the industrial pro- 


duction of synthetic ammonia from nitrogen and hydrogen under 
high pressures 


— the German chemist FRITZ CARL ALBERT HOFMANN (1866— 
1956) invented a method of industrially producing synthetic rub- 
ber out of isoprene 


— the French designer and aviator LOUIS BLERIOT (1872—1936) 
for the first time crossed the English Channel in an airplane 

— the Spaniard QUEVEDO LEONARDO TORRES (1852—1936)} de- 
signed a calculator for solving algebraic equations and an auto- 
matic machine which played chess 

— the Belgian chemist LEON HENDRIK BAEKELAND (1863—1944), 
working in the United States, invented the technological process 
for the production of the first synthetic resin called bakellite ma- 
de of phenol and formaldehyde. This synthetic material rapidly 
gained popularity as an excellent pressable electrical isolator. It 
greatly contributed to the development of the large scale produc- 
tion of synthetic materials 

— regular radio-telegraphic communication between Europe and 
America was begun 

— the German chemist OTTO WALLACH (1847—1931) greatly 
influenced the industrial production of essential oils and fragerant 
materials by the introduction of new technology methods. He thus 
laid the foundations of the modern cosmetics industry 

— a Benz automobile with a petrol engine broke all records by 
achieving an average speed of 205,7 km per hour 

— the German physicist HANS GEIGER (1882—1945) constructed 
the first ionisation counter (still known today as a Geiger-Miiller 
counter) 


— the Frenchman G. CLAUDE (1870—1960) invented the first neon 
lamp 


— the Russian engineer N. GERASIMOV designed the first turbo- 
reactive engine 


— American engineers were successful in making tungsten mal- 
leable and drawing from it very fine and highly resistant wire for 
lamp filaments. Some of the previously made tungsten lamps were 
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made of powder tungsten. Lamps made of tungsten wire filaments 
had a life span of over 1000 hours 

— a professor of the Petersburg Polytechnical Institute, PAVEL 
PAVLOVICH FEDOTYEV (1864—-1934) discovered the essence of 
the electrolysis of aluminium and developed a scientific theory of 
obtaining aluminium by electrolysis 

— in agriculture the use of light-weight tractors with petrol engi- 
nes becomes widespread 

— the German airplane designer HUGO JUNKERS (1859—1935) 
built the first all-metal airplane 

— the Poldina hut steel mill at Kladno was the first to begin the 
production of high quality stainless steel with the trademark Anti- 
koro 

— several inventors designed various systems of colour film (A. 
SMITH, C. URBAN, R. FISCHER, E. THORNTON and others) 

— the English physicist WILLIAM RAMSAY (1852—1916} designed 
microscales which could weigh volumes of 0,1 mm with a preci- 
sion of 0,5,10° grams 

— the American engineer C. KETTERING was the first to design 
an electrical starter for automobiles 

— the German designer HERMANN FOTTINGER (1877—1945) in- 
vented hydraulic transmissions and a hydraulic and hydro-dyna- 
mic clutch 

— the Pole MARIE CURIE-SKLODOWSKA (1867—1934) obtained 
radium in the metal state out of uranite from Jachymov in Bohemia 
— the English designer CLOUT built an autogyro. It is no longer 
practically used, but it was an important link in the development 
of the helicopter 


— the Czech engineer JAN KASPAR (1883—1927) carried out the 
first long-distance flight in this country, between Pardubice and 
Prague. Already since 1910 a number of Czech designers built air- 
planes and some of them were successful in first short flights. Se- 
veral other besides KaSpar should thus be mentioned: EVZEN CI- 
HAK, JAN CERMAK, FRANTISEK SIMUONEK, etc. The German HUGO 
ETRICH (1879—1967) from Trutnov in northern Bohemia was buil- 
ding airplanes (the Dove) which were very interesting from a de- 
sign point of view already since 1908; in 1910 he remained airbor- 
ne for 1 hour and 8 minutes 

— Praga trucks won a competition sponsored by the army of the 
Austrian Empire; this greatly contributed to the development of 
this Prague automobile factory 


1911—1912 — the Russian scientist ALEXEY NIKOLAYEVICH KRILOV 


(1863—1945), together with R. M. WETZER, built the first calcula- 
tor for the integration of differential equations. He began to work 
on the first design of his calculator already in the years 1887— 
1904 
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1912 — the Swedish engineer NILS GUSTAF DALEN (1869—1937) re- 


ceived the Nobel Prize for his invention of automatic regulation 
of acetylene lamps in lighthouses 

— the Russian scientist and inventor NIKOLAY YEGOROVICH 
ZHWUKOVSKY (1847—1921), on the basis of his research, published 
a paper which develops the vortex theory of the propeller. He 
calculated the best shape of the propeller blade; during World 
War I many airplanes used propellers based on Zhukovsky’s cal- 
culations 

— compressors appear in automobile design. The Hungarian engi- 
neer DONAT BANKI greatly contributed to the design of compres- 
sors for combustion engines 

— turbogenerators achieve an output of 33000 HP (24608 kW); 
maximum output of a classical piston steam engine was only 20 000 
HP (14914 kW) 

— the brothers B. and H. DRAEGER made the first successfully 
functioning diving suit with a breathing apparatus 

— the American physicist and designer ROBERT HUTCHINGS 
GODDARD (1882—1945) began the first experiments with rocket 
engines; however, it took another twenty years before these expe- 
riments were fully successful 

— Prof. VIKTOR KAPLAN (1876—1934) during his tenure at the 
Brno Technological Institute, designed a new type of propeller 
water turbine with adjustable blades and an axial intake of water. 
After further improvements, these Kaplan turbines served in nu- 
merous hydro-electric power stations as one of the maximum per- 
formance water motors 

— the Russian electrotechnician VALENTIN PETROVICH VOLOGDIN 
(1881—1953) invented an alternator with high frequencies and 
thus made it possible to build very strong radio transmitters in 
Russia 


— the Krupp iron and stee] mill in Germany began to produce 
stainless chrome-nickel steel 


— in Denmark the first trans-oceanic ship with a diesel engine 
was launched 


— in America a skyscraper with 55 floor levels was built 


1912—1913 — the Russian chemist GRIGORY SEMYONOVICH PETROV 
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(born in 1886) invented the original method of producing phenolic 
plastics made on the basis phenolaldehyde resins 


— the American HENRY FORD (1863—1947) in his factories de- 
veloped the production of automobiles on an assembly line:- his 
annual production of model T cars reached 181 000 cars. Thus the 
automobile industry became the most advanced in modern large- 
scale mass production. The assembly lines gradually were also 
introduced in many industries. The production of automobiles also 
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led to a number of improvements in machine tools and forming 
machines aud to the precise standardization of mutually inter- 
changeable parts 

— the American HARRY BREARLEY invented a method of pro- 
ducing stainless steel with a high chromium content; this was of 
great significance for the food processing industry and the deve- 
lopment of its machine facilitics 

— the German electrotechnician ALEXANDER MEISSNER (1883— 
1958) invented an oscillator and discovered the feed hack prin- 
cipJe in vacuum valves, which made it possible to make stronger 
valves 

— the German chemist FRIEDRICH BERGIUS (1884—1949) deve- 
loped the first method of synthetically producing petrol froin coal 
saturated with hydrogen under high pressures 

— the Russian airplane designer IGOR IVANOVICH SIKORSKY (born 
1889) designed and in Petersburg demonstrated the first multi- 
engine large airplane 

— the Bosch Company in Germany begins to produce headlights 
for automobiles 

— Déperdussin’s racing monoplane, designed by the French engi- 
neer L. BECHAEREAU and piloted by Prévost, for the first time 
overcame the speed of 200 km per hour 

— the Russian physicist NIKOLAY DMITRYEVICH PAPELSKY (1880 
—1947) designed the first Russian vacuum val}ves 

— the construction of the Panama Canal connecting the Atlantic 
and Pacific Oceans was completed. Construction was begun in 
1906, under the American engineer G. W. GOETHALS 

— O. BARNACK made the first ,,Leica“ camera 

— the Slovak STEFAN BANIC (1871—1940), working in America, 
was granted a US patent for his design of an aviation parachute 
— the first automatic steam electric power station was put Into 
operation 

— in the US the first automatically piloted airplane was launched 
— the Russian designer MIKHAIL NIKOLAYEVICH NIKOLSKY 
(born in, 1888) built the model of a turbo-propeller aircraft engine 
— in the machine building industry highly automated machine 
tools make their appearance in various stages of some operations 
— the Russian electrotechnician and designer ROBERT EDOUAR- 
DOVICH KLASSON (1868—1926) built a steam electric power sta- 
tion using peat as fuel. Klasson was the first to use a hydrome- 
chanical method for the extraction of peat 

— in the ofl fields of Russian Baku experiments with torpedo dril- 
ling are undertaken 

— the American physicist IRVING LANGMUIR (1881—1957) impro- 
ved vacuum valves by introducing a high vacuum and by attachiny 
a second grid 
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1914—1918 — during the course of World War I an accelerated deve- 


1915 


1916 


1917 
1918 
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lopment of aircraft design takes place when airplanes become an 
important weapon used in the war. In a short time semi-private 
piecework is replaced by a highly developed branch of industry. 
Aircraft engines rapidly increase the speed (250 km/hour), distan- 
ce and altitude (over 9000 m) of airplanes. The first airraids on 
large cities take place 

— the needs of the war also contributed to the rapid development 
of radio technology, which in many sections of the battle line 
began to serve the war 


— the German physicist WALTER SCHOTTKY (born 1886) deve- 
loped shielded vacuum valves 


— the American electrical engineer LEE DE FOREST (1873—1961) 
invented the first vacuum valve transmitter 


— radio transmission of the spoken word between Washington D. 
C. and Paris, for a distance of 9000 km, took place. During trans- 
mission a total of 3300 vacuum valves were used in parallel con- 
nections 

— the Russian chemist IVAN IVANOVICH OSTROMISLENSKY (1880 
—1939) invented a method of making dimethylbutadiene out of 
ethylalcohol and acetaldehyde. This method was used for the in- 
dustrial production of synthetic rubber, especially the Gernran 
bunna 

— the Poldina hut steel mill at Kladno produced chromium-nickel 
construction steel with the trade name Victrix 


— in the machine construction industry centreless grinding is 
introduced for the first time for very precise surfaces 


— T. H. KALMUS improved method of colour film known as ,,tech- 
nicolor“ 


— in war weaponry tanks with caterpillar bands appear. They are 
used to a larger extent only towards the end of the war, in 1918, 
when they were already used on both sides of the conflict and 
each side had several thousand. The inventor of the tank was pro- 


bably the French designer BOIRAULT, but sometimes the English- 
man SWINTON is mentioned 


— the first automatic hydro-electric power station is completed 
— a photograph showing infra-red rays appears 

— the first regular passenger airline flight takes place between 
Washington D. C., Philadelphia and New York 


— the German cinematography designers JOSEPH BENEDICT ENGL 
(1893—1942}, JOSEPH MASSOLE (1889—1957) and H. VOGT inven- 
ted an apparatus for the recording and reproduction of sound film 
on the basis of Triergon’s method of so-called ,,triergonfilm“ 


1919 


1920 


— the pilots JOHN W. ALCOCK and ARTHUR WHITTEN BROWN 
on a Vickers biplane ,,Vimy“ with two Rolls-Royce engines, were 
for the first time successful In crossing the Atlantic Ocean by 
flying from New Foundland to Ireland. Their flight took 15 hours 


and 57 minutes. Only 18 days later a British airship commanded 


by major SCOTT crossed the Atlantic Ocean from Britain to the 
USA with 30 men on board. Soon after, the same airship made the 
trip back from America to Europe. Both Alcock and Scott later 
died in aircraft accidents 

— the American designer ROBERT HUTCHINGS GODDARD (1882— 
1945) published his work on rocket engines called ,A Method of 
Reaching Extreme Altitudes“. Originally he undertook experiments 
with powder fuel and later began to experiment with liquid fuel 
rockets and to consider the possibility of space flights 

— the Norwegian engineer FREDERIK BULL (1882—1925)} built 
one of the first punch card machines 

— in Diisseldorf the Kaiser Wilhelm-Institute ftir Eisenforschung 
(the Institute for Iron Research) was founded 

— the first practical tests with sound film were made 

— the Research Institute of the Skoda Works at Plzeh in Cze- 
choslovakia developed the intensive study of technical alloys of 
iron, under the supervision of A. KRIZ 

— the Soviet radio technician MIKHAIL ALEXANDROVICH BONCH- 
BRUYEVICH (1888—-1940) became the head of the foremost Soviet 
radio laboratory; he constructed highly efficient generator va- 
cuum valves with water cooling systems 

— the designer MAKSIMOV designed the first Soviet tank. Mass 
production was begun in 1920 in the Krasnoye Sormovo factory 


—- reaction engine aircrafts are designed but their practical use 
took place after twenty years 
— automatic telephone lines are becoming more frequent 


1920—1922 — regular radio broadcasts are commenced in the USA, in 


1921 


the Soviet Union, Britain, France and gradually in a number of 
other countries 


— the Moscow Steel Institute is founded 

— the Frenchman E. BELIN improved the telegraphic transmission 
of images (the belinograph], an invention which proved to be 
important for the transmission of news items and in criminal de- 
tection 

— an American Duesenberg automobile, for the first time equipped 
with hydraulic brakes on all four wheeis, won the Grand Prix 
de France 

— the Robert Bosch Company began to sell the first electric au- 
tomobile horns 
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1922 


— the first streamlined automobise body with an engine at the 
back (a Rumpler) made its appearance 


-~ American radio amateurs discover the possibility of short 
wave transmission 


— the first public projection of a documentary sound film made 
by the “triergonfilm’ system takes place in Berlin 

— J. F. jOY invented a high performace coal loading machine 
which effectively helped to mechanize the loading of coal in mi- 
nes. Nevertheless, its widerpread use in mining operations did 
not take place before the end of World War II 

— the Micheline Company produced the first balloon tyre and in- 
troduced the first uniform sizes of automobile and motorcycle 
tyres 

—~ the Soviet scientist and designer MATVEY ALKUNOVICH KA- 
PELYUSHNIKOV (born 1886) invented the turbine drilling of pe- 
troleum wells, which is still the most effective type of drilling 
— the first long-distance electric power lines are built in the 
Soviet Union 

— the Czech chemist JAROSLAV HEYROVSKY (1890—19G6) publis- 
hed research findings concerning the use of a mercury dropping 
electrode in the investigation of electrolytical processes 

— on the basis of a patent belonging to the French chemist 
G. PATARTA, the large scale industrial production of methylalco- 
hol (wood alcohol) out of water gas by high pressure synthesis 
was begun in Germany 


1922—1923 — the Russian radio technician OLEG VLADIMIROVICII LO- 


1923 
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SEV (1903—1942) carried out experiments to obtain electro-mag- 
netic waves with the help of semi-conductors 


— the British automobile makers Morris Motor Co. began opera- 
tions on an automatic production line for the production of en- 
gine cylinder blocks. This was the first introduction of automa- 
tion in the automobile industry; it was not yet, however, fully 
succesful 

— the American electrical engineer LEE DE FOREST (1873—1961) 
registered a patent for a new system of sound film, which greatly 
influenced subsequent developments 

— the Ford Automobile Company in Detrcit, USA, produces over 
two million automobiles annually 

— the German Leunawerke Chemical Works began the large scale 
production of synthetic petrel by hydrogenation 

— in Sweden a compressor-less 2bsorption refrigerator is in- 
vented; similar systems are still in use in the majority of refri- 
gerators used in households 

— the Spanish designer JUAN DE LA CIERVA built an autogyro 
capable of almost vertical take-off and landing 


1924 


— in the Soviet Union the production of tractors is begun 

— the Russian television pioneer VLADIMIR KOSMA ZVORYKIN 
(born 1889], working in the United States, invented an iconoscope, 
which provided the first real possibility to pick up the image of 
objects in motion 

— the German rocket pioneer HERMANN JULIUS OBERTH {born 
1894) investigated the possibility of rocket space flight in his 
book “Die Rakete zu den Planetenrdumen” 

— the first Soviet steam turbines are produced at Leningrad 

— the automobile works in the Czechoslovak town of Kopfivnice 
began the production of a small popular “Tatra 11” model car 
with an air-cooled two cylinder engine, designed by HANS LED- 
WINKA (born 1878} 

— the Swedish chemist THEODOR SVEDBERG (born 1884) designed 
the first ultra-centrifuge with many thousands of revolutions per 
minute 


— short wave radio transmission {is introduced in regular inter- 
national communications. In Great Britain a radio and telegraph 
station for communication with the colonies and India is esta- 
blished. Beam transmission is used aiso for radio-telephones 
which replace cable communications over long distances 

— the German chemists HANS TROPSCH (1889—1935)] and FRANZ 
FISCHER (1877—1947) invented a new method for the production 
of synthetic petro! under low pressures 

— J. REID and J. McLEOD designed the first turbine locomotive 
— phonograph technology is greatly improved by electrical re- 
cordings 

— the Osram Company, in collaboration with the Bosch Company, 
began the production of the first twin-filament lamp called Bi- 
lux, for automobile head-lights which included distance and dim- 
mned lights 

— the Soviet designer V. I. BAZAROV designed an aircraft turbo- 
compressor reactive engine 

— the Praga automobile factory in Prague began the production 
of a small popular “Piccolo” model car 

— the Englishman MALCOLM CAMPBELL achieved the speed of 
235,2 km per hour — a new world record — in his Sunbeam au- 
tomobile 

— the Czech chemist JAROSLAV HEYROVSKY (1890—1966}, to- 
gether with his pupil M. SHIKATO from Japan, invented the first 
polarograph for automatic recording of curves of intensity and 
voltage; he thus founded a new branch of electrochemistry — 
polarography 

— the Soviet designer YAKOV MODESTOVICH GAKKEL (1874— 
1945) designed the first long-distance locomotive with a diesel- 
-electric motor which was very successful in operations 
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1925 


1926 
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— the German chemist HERMANN STAUDINGER (1881—-1965) car- 
ried out basic research in the field of macromolecules and poly- 
merization. The practical utilization of this research led to the 


mighty development of the industrial production of synthetic ma- 
terials 


— the first dual-carriage motorway between Milan and the Alpi- 
ne lakes is built in Italy / 

— in the Soviet Union electromagnetic processes are used in the 
processing of non-ferrous metal ores 

— the Skoda Works acquired the Laurin and Klement automobile 
factory at Miad4 Boleslav 

— the American mathematician and designer VANEVAR BUSH 
(born in 1890) invented the first machine for the solutien of dif- 
ferential equations called a differential analysor (the Bush-Cal- 
well system} 

— the German metallurgy engineer GRIESHEIM for the first time 


made a new light-weight and strong magnesium alloy called 
electron 


— GAUMONT invented the optical recording of sound 

— the German physicist HANS BUSCH [born 1884) laid the foun- 
dations of electron optics by making the first electron lens 

— GEORGES CLAUDE undertook first experiments with the utili- 
zation of the sea’s thermal energy 

— the first all-metal automohile bodies appear 

— the wireless radiotelegraphic transmission of images for com- 
mercial purposes is introduced across the Atlantic Ocean 

— a new type of very hard machining material was produced 
from tungsten carbide by sintering in the presence of liquid 
phase cobalt. It made it possible to increase the cutting speed of 
machining up to seven times 

— the American ROBERT HUTCHINGS GODDARD (1882—1945) on 
March 16'" 1926 launched a rocket, which at this time covered 
only ia distance of 56 meters. This was the first rocket with li- 
quid fuel launched 

— a viable system of television transmission was demonstrated 
by the Scotsman JOHN LOGIE BAIRD (1888—1946) 

— in some of the most developed countries a unified electricity 
distribution network or grid is formed. In the Soviet Union a con- 
trol center for the coordination of all electrical power plants in 
the MOGES system is built 

— public radio-telephone communications between Europe and 
the USA are put into operation 

— the Oldsmobile automobile plant in the USA sells the first 
automobile with chromium plated bumpers, radiators grills and 
fittings. Chromium plate gradually replaced the previous nickel- 
-plating of these components 


1927 


1928 


— the American Arctic explorer RICHARD EVELYN BYRD (1888— 
1957) for the first time successfully flew to the North Pole and 
back again 

— in the Soviet Union in the Krivoy Rog basin seismographic 
methods are used for the first time to determine petroleum de- 
posits and those of other valuable raw materials 


— an American major, H. SEGRAVE, in a Sunbeam automobile, 
achieved a new speed record on one mile with 328 km per hour 


— the American CHARLES LINDBERGH (1902—1974) by himself, 
with no. copilot, flew between New York and Paris in 33 and a 
half hour 


— the Henry Ford Automobile factory produced the 15% million 
legendary model “T” car. Further production was ceased and the 
assembly lines refitted for a new “A” model car 


— battery ignition is introduced in car 


— the Czech engineer J. POLAK invented a foundry machine for 
coldchamber die casting, which was produced in large numbers 
and exported to a number of countries throughout the world 


— in Germany the Society for Space Flight is founded; its activi- 
ties develop the ideas of HERMANN OBERTH (born 1894) 

— the Soviet metallurgy engineer DIMITRY ANTONOVICH DUL- 
CHEVSKY [born 1879) invented a method of welding copper with 
an electrical arc 

— various types of petrol begin to be assessed on the basis of 
an octane number scale 

— autoradios are among the car fittings offered by some auto- 
mobile firms in the USA 


— the English designer FRANK WHITLE (born 1907) began to 
experiment with jet airplanes, which later, during World War II 
began to be mass produced 

— a mixed Irish-German team of E. HUNEFELD, H. KOHL and 
J. FITZMAURICE made the first crossing of the Atlantic Ocean 
from Europe to America in an heavier than air aircraft, on a 
“Bremen” Junkers, between Ireland and Labrador. When it lan- 
ded the plane sank on a lake, but the fliers were saved. The 
flight took 36 hours 

— PFLEUMER invented a method of recording sound on a magne- 
tic tape 

— the Soviet chemist SERGEY VASILYEVICH LEBEDEV (1874— 
1934) won an international competition organised by the Supreme 
Soviet of the National Economy of the USSR for designing the 
industrial production of synthetic rubber. He developed a method 
for the production of synthetic butadiene by the polymerization 
of alcohol in the presence of metal sodium into butadiene rubber 
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1929 


150. 


— the first attemps to extract petroleum with compressed air are 
undertaken at the ofl fields of Soviet Baku 


— fully automated production begins to be used in the automo- 
bile industry of the USA in the manufacture of automobile 
chasses (by the A. O. Smith Company in Milwaukee) 


— the Scotiss television pioneer JOHN LOGIE BAIRD (1888—1946) 
demonstrated his experiments with colour television; he was at the 
same time successful in carrying out the first television trans- 
mission across the Atlantic Ocean 

— the first feature sound film was shown to the public; it was 
called ,The Jazz Singer“ 


— German chemists OTTO DIELS (1876—1954) and KURT ADLER 
(1902—1958) discovered so-called diene synthesis which makes 
it possible to produce various synthetic organic compounds — 
polymers. This greatly contributed to the large-scale development 
of the industrial production of plastics, as well as to the production 
of synthetic rubber 

— the Soviet psysicist SERGEY YAKOVLEVICH SOKOLOV (1897— 
1957) developed a method of using ultra-sound in the defectosco- 
py of metals. This method is still used in all large plants for de- 
termining inner cracks, cavities and inclusions in metal parts of 
great thickness 


— in the United States the first experimental television sets are 
made 


— the American automobile firm Cadillac began the production 
of a synchronized gearbox for its cars 


— the Soviet scientist ABRAM FYODOROVICH JOFFE (born in 
1880) discovered the possibility of the direct transformation of 
thermal energy into electrical energy with the aid of a semicon- 
Aa thermo-electric generator (with an effectiveness of 2,5— 
4%) 

— the British BBC began regular experimental television trans- 
mission on the basis of the system developed by the Scotsman 
JOHN LOGIE BAIRD (1888—1946). This system, however, trans- 
mitted only an image with a rough raster 

— the Soviet rocket pioneer KONSTANTIN EDUARDOVICH TSIOL- 
KOVSKY (1857—1935) designed a multi-stage space rocket 

— in the Prague Armament Works belonging to F. Janeéek the 
production of Jawa motorcycles was begun; during their subse- 
quent development they gained world-wide fame 

— in the Soviet Union a method of determining raw material 
resources on the basis of an electrical resistance method was 
developed 

— W. A. MARRISON designed a Quartz watch with the presicion 
of one thousanth of a second per 24 hours 


1930 


— VALENTIN PETROVICH GLUSHKO designed a helio-rocketplane 
driven by electrical rocket motors using solar energy 

-— the American Arctic explorer RICHARD EVELYN BYRD (1888— 
1957) for the first time flew over the Earth’s South Pole 

— the Soviet scientist and designer BORIS SERGEYEVICH STETCH- 
KIN (born 1891) published his significant work on “The Theory 
of the Reaction Engines” 


— the first wide-angle motion picture film is made {on the basis 
of the hypergonar-scope system invented by CHRETIEN}) 

— American aviators JOHN and KENNETH HUNTER achieved a 
time record in the duration of uninterrupted flying: 553 hours 
and 41 minutes. They flew a total of 66,000 km without Interrup- 
tion. They received fuel and food from another airplane during 
flight 

— the Scot JOHN LOGIE BAIRD (1888—1946)] continued in his ex- 
periments with television transmission and carried out the first 
simultaneous transmission of image and sound 

— the German physicist MANFRED ARDENNE (born 1907) de- 
signed a television with a broad-band amplifier and a scanner 
(the Telefunken system} 

— the Aero factory in Prague began the production of its famous 
small cars called “Aerovka” 

— the Vitkovice iron and steel mill pour Ingots weighing up to 
100 tons and forge with a 7200 ton press 

— the Soviet scientist and designer VLADIMIR MATVEYEVICH 
MAKOVSKY (1870—1941) built a laboratory for the research of 
gas turbines. A stationary gas turbine with 750 kW was designed 
here 

— the production of sintered iron and sintered steel compacts fs 
introduced 

— Soviet scientists LEONID IZAAKOVICH MANDELSHTAM (1879— 
1944) and NIKOLAY DMITRYEVICH PAPALESKY (1880—1947) de- 
veloped a new method of radio interference which contributed to 
the solution of the problem of the transmission of radio waves 
— in Germany a Junkers JU 52 airplane is designed which was 
one of the most successful aircraft in the period between the 
wars 


after the year 1930 — the television camera developed by VLADIMIR 


KOSMA ZVORYKIN was successful in practical operations. The 
Emitron camera was developed in Britain on the basis of Zvo- 
rykin’s design 

— in agriculture the first cultivation machines for loosening the 
soil without turning It make their appearance 

— the majority of new ships built are designed with diesel en- 
gine drive 
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1931 


1932 
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— in Great Britain ROBERT ALEXANDER WATSON-WATT {born 
1892} designed the first primitive radar, for the time being 
without practical application. Improvements in radar design con- 
tinued throughout the thirties 


— the Soviet physicist ALEXANDR ALEXEYEVICH LEBEDEV (1893 
—1969}) designed the first polarisation interferometer and the 
model of an electron microscope 


— the American physicist ERNEST ORLANDO LAWRENCE (1901 
—1958) built a highly effective cyclotrone, a circular accelerator 
of elementary particles. With the aid of accelerators he was able 
to obtain large amounts of radioactive substances. He also con- 
tributed to the principle of the betatrone 

-—~ in the USSR the first large chemical plants are constructed 
for the production of synthetic rubber by the Lebedev method. 
Butadiene rubber use spread to a number of countries 

— the German DKW automobile plant began the production of 
small cars with front drive 

— the Soviet chemist ILYA VASILYEVICH GREBENSHCHIKOV 
(1887—1953) invented a new type of porous glass with absorption 
properties 


— the first television transmissions in the Soviet Union took 
place 


— the German designer K. POGGENSEE launched the first modern 
rocket driven by solid fuel 


— diesel engines are beginning to be used for automobile drive 


-— Soviet scientists from the Lomonosov University in Moscow 
and the Leningrad University prepared a new type of synthetic 
rubber, which they called Sovprene (also neoprene or chlor- 
prene}. It is especially resistant to oil, light, heat and a number 
of chemicals 

-— the English physicist JOHN DOUGLAS COCKROFT (1897—1967 } 
and the Irish physicist ERNEST WALTON (born 1903) carried out 
the first man induced nuclear reaction with the help of a linear 
particle accelerator 


— the Soviet designer ALEXEY IVANOVICH BAKHMUTSKY (1893 
—1939) designed the first cutter-loader machine for coal mining 
— in the United States the Empire State Building, the highest sky- 
scraper in the world with 86 floor levels was built; it remained 
the highest building in the world for a whole generation 

— the Swiss physicist AUGUSTE PICCARD (1884—1962) during 
balloon flights achieved an altitude record of 16,940 m 

— the American MALCOLM CAMPBELL for the first time overcame 
the 400 km per hour speed record by forming a new record of 
408,7 km per hour in his twelve cylinder Napier-Campbell car 


1933 


— in the USA at the Massachusetts Institute of Technology an 
improved calculating machine was built for the solution of diffe- 
rential equations 

— a low pressure super balloon tyre is introduced in automobiles 
and soon replaces previously used balloon tyres 

— in Czechoslovakia the first so-called anti-automobile law was 
{ssued, which limited large-scale road traffic and the transport 
of persons and cargo 

— in Great Britain experiments with the desulphurization of pig 
{fron with soda outside the blast furnace are successful. This 
method was tested on the Continent in 1934 

— the Ceské Zbrojovka (Czech Armaments) plant at Strakonice 
began the large series production of CZ motorbicycles out of 
which the very successful Czech motorcycles soon developed 

— in Germany the production of synthetic petrol out of lignite 
is begun on a large scale 

— in the Soviet Union an electric locomotive with a power out. 
put of 20,000 kW is designed 

— the Soviet scientist KONSTANTIN KONSTANTINOVICH KHRE- 
NOV (born in 1894) improved electrical welding and cutting 
under water. The arc is protected under water by an air bubble 
— the winging half-axis makes its appearance in automobile design 


— automobile bodies have an improved aerodynamic shape 

— the American chemist GILBERT NEWTON LEWIS (1875—1946) 
invented a method for producing heavy water by electrolysis 

— the first Soviet rocket, the G-09, designed by MIKHAIL 
KLAVDYEVICH TIKHONRAVOV (1900—1974) was launched. Fur- 
ther Soviet research rockets with liquid fuel had a pull of 200 
newtons and achieved a maximum altitude of 10 km. GIRD-09 was 
the first so-called hybrid rocket driven by a mixture of liquid 
and solid fuels 

— the system of magnetic recording of sound on a tape is greatly 
improved by the Marconi-Stilleo apparatus which replaced the 
previously used blattnerphone; it was now also practically utilized 
by some radio companies 

— in the Soviet Union first experiments with the underground 
conversion of coal into gas take place 

— the German physicist M. KNOLL, B. v. BORRIES, E. RUSKA 
and E. BRUSCHE develop various improvements in electron mi- 
croscopy 

— the Soviet television pioneer A. W. MOSKVIN designs the first 
Soviet iconoscope, a television picture tube for receiving TV ima- 
ges in the transmitter 

— in Germany the first express diesel-electric locomotives are 
put into operations 
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1933—1937 — the Soviet inventor MIKHAIL YOSIFOVITCH GUREVICH 


(born 1893} designed the important Moscow Airplane Factory 
and also participated personally in the design of a number of 
Soviet aircraft (later, together with A. I. MIKOYAN,. he also de- 
signed the MIG series airplanes) 


1934 — in the USA the third isotope of hydrogen — called tritium — 


was discovered; later it became a significant link in the realisa- 
tion of thermo-nuclear reactions 


— the Soviet popularizer of space flight ARIO ABRAMOVICH 
SHTERNFELD (born in 1905) published his first studies, which 
influenced the subsequent development of interplanetary flights 
— IRENE JOLIOT-CURIE (1901—1954} and her hushand FREDERIC 
JOLIOT CURIE (1900—1958) discovered man-made radioactivity. 
They also for the first time made man-made radioisotopes by the 
bombardment of stable isotopes 


— the first experiments are carried out with the practical utili- 
zation of radar, i. e. the use of radio waves for finding and de- 
termining the location of very distant objects or those invisible 
to the naked eye 


— the Soviet chemist NIKOLAY NIKOLAYEVICH SEMYONOV (born 
1896) submitted an intergrated theory of ramified and non-rami- 
fied reactions and explained their significance for chemistry. 


Later this theory contributed to the practical development of 
rocket technology 


— the Citroén Company designed a successful automobile with 
front drive 

— gas generators are designed for automobile drive, but they are 
not practically successful 

— the Russian physicist VLADIMIR KOSMA ZVORYKIN (born 
1889) living in the USA and the German physicist MANFRED 
ARDENNE (born 1907} invented, independently of each other, 
an electron telescope where instead of an electron light ray and 
in place of an optical lens they used an electrical or magnetic 
lens and a photomultiplier 

— the American chemist WALLACE HUME CAROTHERS (1896— 
1937) invented a practically usable method of producing synthe. 
tic fibre; by polymerization of hexamethylene-diamin and adipic 
acid he prepared the polyamide “nylon” which was later produced 
in the US by the Dupont Company. Carothers was also the first 
in. the US to invent a method of making a synthetic rubber — 
neoprene 


after the year 1934 — the Soviet rocket designer SERGEY .PAVLOVICH 
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KOROLYOV (1907—1966) published his book “Rocket Flights to 
the Stratosphere”. Later, as chief designer, he was the head of 
a team which designed Soviet space rockets, satellites, space ships, 
etc. 


1934—1941 — the Soviet inventor SEMYON PAVLOVICH IVANOV (born 


1906) developed sterecscopic film and obtained a number of basic 
patents in this area. At the same time the physicist of Hungarian 
origin DENIS GABOR (born 1900) who was also the inventor of 
holography (for which he received the Nobel Prize}, working in 
Great Britain, also contributed to the development of research in 
this field 


1934—1942 — the Italian atomic physicist ENRICO FERMI (1901—1954) 


1935 


discovered the possibility of using electrons as impact particles 
for the artificia) transformation of atomic nuclei 


— in the USA already four fifths of all bitumenous coal is mined 
by machines 

— the Englishman ROBERT WATSON-WATT was successful in 
determining the position of an airplane 80 km distant with the 
help of radar 

— Soviet scientists VALENTIN PETROVICH VOLOGDIN (1881— 
1953) and B. N. ROMASHOV invented the surface hardening of 
metals with the aid of high frequency current 

— the American physicist ARTHUR JEFFREY DEMPSTER (1886— 
1950) discovered the isotope of uranium — uranium 234 — which 
was soon to be of key importance for the whole subsequent de- 
velopment of nuclear technology 

— in Moscow the construction of the first line of the under- 
ground was begun 

— in Britain the first 8 grams of low density polyethylene were 
made with the use of very high pressures; it soon became an 
important substance used in the chemical and electrotechnical 
industries. In the years 1936—1937 polyethylene was also made 
in the Soviet Union 

— in Berlin the first public television transmission was begun 
— the Swiss AUGUSTE PICCARD (1884—1962) overcame his own 
altitude record and achieved an altitude of 22 thousand meters 
in a stratosphere balloon of his own design 


around the year 1935 — the German designer J. GABLER invented the 


shuttleless automated loom 


after the year 1935 — in the United States catalytical cracking of pe- 


1936 


iroleum on an industrial scale was begun 

— the French airplane designer RENE LEDUC designed an im- 
proved version of an airplane with jet propulsion 

— in the USSR the building of television trasmitters is begun in 
Moscow and Leningrad. BBC in Britain begins television trans- 
mission with the Emitron system 

— the Soviet production of tractors, as far as numbers are con- 
cerned, achieves first place in the world 
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— the British firm of Thompson Houston Ltd. produced a jet pro- 
pulsion engine for an aircraft; it was designed by FRANK WHITLE 
(born 1907) 

— the German chemical combine IG-Farben begun the industrial 
largescale production of ,bunna“ synthetic rubber of a high quality 


1936—1937 — the Soviet aviator VALERY PAVLOVICH TCHKALOV (1904 


1937 
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—1938], together with two co-pilots carried out long-distance 
flights with ANT-25 airplanes between Moscow and Petropavlovsk 
and a year later between Moscow and Vancouver, over the North 
Pole. They flew a distance of 12 thousand kilometers in 65 hours 
and 25 min. 

in the USSR at Sverdlovsk a new method for the hydromechanical 
extraction of coal is tested. A strong jet of water produced by 
high pressure nozzles, breaks up the coal face instead of the coal 
being cut; the stream of water is also used to transport the coal 


— in the United States a designer of Russian origin, IGOR IVA- 
NOVICH SIKORSKY {born 1889) designed a greatly improved type 
of helicopter. In France a usable helicopter was built by LOUIS 
BREGET 

— motion pictures {in colour are produced more extensively 

— hydrogen is used for the first time to cool turbogenerators 

— in the Soviet Union the production of turbogenerators with 
a power output of 100 MW is begun 

— tractors are, for the first time, equipped with hydraulics for 
loading and unloading. Later various construction machines are 
developed from this basis 

— world-wide production of electric power in the period before 
World War II reaches 449 GWh 

— the American mathematician and designer HOWARD HATHAWAY 
AIKEN (1900—1i973] begins to design calculation machines with 
electromagnetic relays 

— the Englishman GEORGE EYSTON, in a special automobile of 
his own design, achieves a speed of 502,4 km per hour. The auto- 
mobile was equipped with two aircraft, supercharged twelve-cy- 
linder Rolis-Royce engines of 7300 cm’ and a power output of 
4600 HP (3430 kW) 

— the German metallurgy engineer JUNGHANS carried out expe- 
riments with the continuous casting of steel 

— in the Soviet Union experiments are carried out with the blasting 
of steam into blast furnaces 

— the longest suspension bridge, the ,,Golden Gate“ in San Fran- 
cisco in the USA is completed 

— under the supervision of WERNHER VON BRAUN (born 1912) 
and WALTER DORNBERGER (born 1895) the first experimental 
rocket launching base is built at Peenemiinde, in Germany 


1937—1928 — the German chemist P. SCHILACK invented, independently 


1938 


of the American CAROTHERS, a method of producing synthetic 
fibre called ,,perlon“ 


— the American JOHN COBB with a Napier automobile with 
2500 HP (1864 kW) at the Salt Flats near Salt Lake City in the 
USA achieved a speed record of 563,5 km per hour. Very soon, 
however, this record was again overcome by GEORGE EYSTON 
with a speed of 575,34 km per hour 


— the Soviet mining designer P. A. TCHIKHACHEV designed a mi- 
ning cutting and loading machine for driving openings in the 
Donbas basin 

— the German aviation engineer ERNST HEINKEL (1888—1958) 
carried out experiments with turbine propulsion for airplanes and 
in his airplane factory designed a number of successful aircraft. 
In 1939 he also used rocket propulsion 

— in Neuchatel in Switzerland a gas combustion turbine was 
used in an electrical power plant for dealing with peak demand. 
Soon gas turbines using blast furnace gas were also used for dri- 
ving blast furnace blowers 


— Great Britain organised anti-aircraft defenses of its south- 
eastern coast with a network of radar stations which were desig- 
ned by ROBERT ALEXANDER WATSON-WATT (born 1892}. Also 
EDWARD VICTOR APPLETON (1892-1965) contributed to the de- 
velopment of radar. In the Soviet Union J. B. KOBZAREV, P. A. PO- 
GORELKO and N. J. TCHERNETSOV worked on the development 
of radar facilities 

— in lighting technology fluorescent lamps are coming into use 
as well as discharge lamps with mercury vapours which have 
a much greater luminous intensity in comparison to filament lamps 


— in Germany the prototype design of a ,,popular“ automobile, the 
»KGF" is completed; later this car was used above all for military 
purposes 

— electronic microscopes are designed which magnify 30000 times 
and in combination with an optical microscope up to 100 000 times 


— the Soviet designer SERGEY VLADIMIROVICH ILYUSHIN (born 
1894} designed several types of airplanes with which Soviet avia- 
tors achieved distance and altitude records. Later he also designed 
bombers and after the war the famous IL type transport planes 


— German physicists OTTO HAHN (1879—1968) and FRITZ 
STRASSMANN (born 1902) discovered a fission reaction in an iso- 
tope of uranium-235. An explanation of this phenomenon was pro- 
vided by the Austrian physicist LISE MEITNER (1879-—-1968) and 
O. R. FRISCH. This discovery later led to the practical release of 
nuclear energy both for military and peaceful uses 
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1939 


— the French physicist FREDERIC JOLIOT CURIE (1900—1958) 
discovered independently of Fermi that during nuclear fission 
neutrons are released. His draft design of a nuclear reactor was 
not, however, built because of the subsequent war-time occupation 
of France 


— trans-Atlantic aircraft passenger transport is for the first time 
made available to the public by Pan American Airways 


— in the Donbas basin of the USSR the hydromechanical extrac- 
tion of coal is introduced on a broad scale 


— the German chemist WALTER REPPE (born 1892) developed 
procedures for the catalytical synthesis necessary for the pro- 
duction of plastic materials; this process was soon of enormous 
importance for the development of the modern chemical industry 


— in the Soviet Traktorstroy Factory for producing tractors in 
what is today Volgograd, A. S. INOTCHKIN built the first automa- 
tic flow production line connecting the work of a number of 
lathes. Soon afterwards at Klimentsk a line for the production 
of steel castings was put into operation 


— photoelectric cells, i. e. vacuum valves which change changes 
in light into changes in electrical current, begin to be used in 
industry, metallurgy and machine production for inspection pur- 
poses. They are of great importance for the development of auto- 
mation 

— a group of British scientists built a cavity magnetron which, 
among others, contributed to making radar much more precise and 
extended its use during World War II 


— on the basis of ALBERT EINSTEIN’S (1879—1955) iniciative 
a program of atomic research is begun in the United States which 
later led to the making of the atom bomb 


— the Swiss chemist PAUL HERMANN MULLER (1899—1965) pre- 
pared a compound of dichloride, diphenyl and trichloromethane, 
known as DDT and discovered its destructive effect on insects. 
The industrial production of DDT began to develop in 1942 and 
in many countries it contributed very effectively towards the 
combating of various epidemic disease. Recently, however, becau- 
se of various harmful side-effects, DDT is used to a lesser extent 


1939—1940 — the American physicist JOHN RAY DUNNING (born 1907) 


1940 
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invented a method separating uranium-235 from natural uranium 


— in the USSR a plant in Kharkov builds a stationary gas turbine 
with power output of 735 kW 


— a lathe with a photoelectric cel} which ,reads“ blueprints and 
controls the cutting tools was made in the Soviet Union. This sy- 
stem indicated the direction of development of post-war program- 
me controlled machine tools 


~— in the Soviet Union the extraction of coal is almost totally me- 
chanized. 95 % of output is produced by machines 

— the first large underground gas production plant is built in the 
Soviet Union; it gasified coal directly In the seam. The extraction 
of coal was thus done away with, as a needless intermediary siep 


1940—1941 — after DUNNING’S discovery, the systematic research of 


separation methods for isotopes of uranium-235 continue in Great 
Britain and in the United States 


1940—1942 — in the USSR and in Great Britain successful test flights 


of airplanes with jet engines take place. The Soviet engines were 
designed by L. S. DUSHKIN and A. M. ISAYEV and the airplanes 
by S. P. KOROLYOV and V. F. BOLKHOVITIN. In Britain the grea- 
test contribution to the development of jet airplanes was made by 
FRANK WHITLE (born 1907) 


1940—1944 — the American physicist of English origin WILLIAM BRAD- 


1941 


1942 


FORD SHOCKLEY (born 1910) produced germanium as an impor- 
tant semiconductor to replace vacuum valves. His numerous other 
studies later laid the foundation for transistor technology 

— in Texas, in the USA, the production of magnesium by the elec- 
trolysis of sea water is begun. In the next year this method Is 
already implemented on an industrial scale 

-— in Great Britain ,,terylene“ is produced as one of the most 
important types of synthetic fibre made by the spool spinning of 
polyester. This same type of fibre is Known in various countries 
under various names (tesil in Czechoslovakia, trevira in the Ger- 
man Democratic Republic, laosan in the USSR, diolen in the Fede- 
ral Republic of Germany, etc.) 

— in Switzerland the first locomotive driven by a gas turbine is 
put into operations 

— in the United States commercial television begins to broadcast 
— in Moscow a new stereoscopic cinema is put into operation, 
where without special glasses the audience can look at stereosco- 
pic films made by the system developed by the Soviet inventor 
S. P. [VANOV 

— Soviet physicists began a program of atom research in the USSR 
— a group of Czech chemists developed the technology of produ- 
cing caprolactam. This formed the foundation for the production 
of silon in this country 

— in the USSR guard’s barrage rocket launchers called »Katusha* 
were used in battle; powder rockets had been develeped since 
the beginning of the twenties 

— in US iron mills experiments are carried out with increasing 
the pressure of blast air under the furnace throat 

— in the Soviet Union the metallurgica! engineer V. G. GOLOVKIN 
designed a method for the continuous pouring of ingots without 
the use of moulds 


159 


1943 


1944 


1945 
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— the Italian physicist ENRICO FERMI (1901—1954) in Chicago 
in the United States carried out the first controlled chain reaction. 
He was successful in triggering the first atom reactor, which pro- 
vided thermal energy as the result of chain fission. The first ato- 
mic power plants built after the war were based on a similar 
principle. During the war, however, these findings provided 
another step towards producing the atom bomb 

— under the supervision of WERNHER VON BRAUN (born 1912) 
a guided liquid fuel rocket was developed in Germany; the A-4 
rocket achieved after launching an altitude of 90 km and a distan- 
ce of 192 km. It was soon developed into the well known military 
V-2 rocket, which during tests covered a distance of 300 km and 
in subsequent years was used for destruction on a mass scale 

— the American designer of computers VANEVAR BUSH (born 
1890) continued to improve machines for solving differential equa- 
tions and designed a so-called differential analysor 

— the American mathematician NORBERT WIENER (1894—1964) 
published his first studies on the similarity of computer and the 
nervous system 

— also in the United States the extensive development of the in- 
dustrial production of synthetic rubber begins 


— in Great Britain very effective potatoe planters and harvesters 
were designed. Also special machines for mechanising the sugar 
beet harvest were produced 

— Soviet scientists BORIS ROMANOVICH LAZARENKO (born 1910} 
and NATALYA YOSIFOVNA LAZARENKO (born 1911) developed 
the electro-spark machining of metals 


-~ in the United States and in Germany the first test flights with 
jet airplanes take place 


— in the Soviet Union a new method of drilling shafts with large 
diameters (5—6 m) is developed by G. Y. MAYAKOVSKY 

— the Soviet physicist VLADIMIR YOSIFOVICH VEKSLER (1907-- 
1966) and independently of him the American physicist EDWIN 
MATTISON McMILLAN (born 1907) designed new types of ele- 
mentary particle accelerators 

— the German army for the first time used V-2 rockets in attacking 
London on a large scale 

— the American computation technology pionner HOWARD HAT- 
HAWAY AIKEN (1900—1973) designed for the US navy the first 


large mechanical computer called the Automatic Sequence-Con- 
trolied Calculator 


— in the United States the atom bomb was built under the super- 
vision of the American physicist JACOB ROBERT OPPENHEIMER 
(1904—1967). The first experimental explosion took place in the 
New Mexico desert. In August the first atom bombs were dropped 
on Hiroshima and Nagasaki 


1946 


— in the United States the first industrial production of penicillin 
Is begun. It was discovered by the English bacteriologist ALEXAN- 
DER FLEMING (1881—1955) already in 1928, but remained unused. 
Only during the war the English biochemist ERNST BORIS CHAIN 
(born 1906) and the physician HOWARD WALTER FLOREY (1898— 
1968) tested its anti-bacterial effects and pushed through its pro- 
duction on a large scale 

— the Soviet designer ALEXANDR SERGEYEVICH YAKOVLEV 
(born 1906) designed a jet (reactive) fighter plane JAK 15 

— the first radiotelescope was built to pick up and measure radio 
radiation coming from cosmic sources 

— in the USSR, the USA, and in Great Britain the development of 
modern liquid fuel rockets on the basis of the V-2 was begun 


— the production of radio nuclides for medical and industrial 
purposes is begun at Oak Ridge 

— IGOR VASILYEVICH KURCHATOV from the USSR (1903—1960) 
began the operation of the first experimental atomic reactor on 
the European and Asian continents 

— at the Avia plant at Lethiany in Czechoslovakia the production 
of Skoda 706 R trucks is begun, which proved to represent a fun- 
damental contribution to the solution of transportation problems 
in this country 

— an electronic computer was built — the Electronic Numerical 
Integrator and Calculator (ENIAC), which carried out 5000 adding 
operations in a second. It was originally built for US Army. HO- 
WARD HATHAWAY AIKEN (1900—1973) greatly contributed to the 
further development of computers 

— in the USSR an automatic production line for machining tractor 
engine blocks was put into operation 

— in the United States the project of the first atomic submarine 
was developed and its building begun 

— in the Soviet Union, the United States and in Great Britain 
nuclear research was accelerated and a number of new modern 
particle accelerators built 


1946—1948 — the industrial production of titanium is developed 


1947 


— American physicists JOHN BARDEEN (born 1908), WALTER 
HOUSER BRATTAIN (born 1902) and WILLIAM BRADFORD SHOCK- 
LEY (born 1910) by their research laid the foundations of transis- 
tor use and transistor technology developments 


— the Atlantic Ocean was crossed by a pilot-less airplane 

— CHARLES YEAGAR on a Bell XS-1 rocket plane for the first ti- 
me achieved supersonic speed 

— in the Soviet Union experiments with an atom reactor continue. 
In that same year the first atomic reactor was also completed in 
Great Britain (at Harwell) 
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1946 


— JOHN COBB in a Railton automobile achieved a new ahsolute 
speed record of 633.8 km per hour 


— the American mathematician NORBERT WIENER (1894—1964) 
published his book ,,Cybernetics or Control and Communication 
in the Animal and the Machine“ which laid the foundations for the 
further development of cybernetics 

— the first designs of electronic lathes appear 


— in the Soviet Union the famous Donbas coal cutling and loading 
machine was built for flat and slanting seams 
— in Manchester in Great Britain a new type of computer with 


a change storage tube instead of a delay-line memory was desig- 
ned 


1948—1950 — after many years of preparation the largest mirror tele- 


1949 


1950 


scope was completed at Mount Palomar in California; it is 5.08 in 
diameter 

— under the supervision of M. V. WILKES in Great Britain an 
EDSAC computer was completed which carried out the first fully 
automated calculations 

— in the USSR an automatic production line for pistons for auto- 
mobile engines was built and other areas also automated 

-— in the Soviet Union the first test explosion of an atom bomb 
took place 

— in the Soviet Union the automation and telemechanization of 


the whole cascade of hydro-electric power stations in Uzbekistan 
was completed 


— industry is producing new synthetic materials, such as orlon 
— in Great Britain the first automobiles driven by a gas turbine 
are designed. American automobile producers soon also make 


attempts in this direction. These cars already achieved speeds of 
136 km per hour 


— the development of colour television in the USA 
— the first success of stereophony in France 


— the Soviet physicist IGOR YEVGENYEVICH TAMM (1895— 
1971), with his collaborators, built the first model thermonuclear 
reactor where thermal isolation is produced by a magnetic field 


after the year 1950 — in connection with the development of tran- 


1951 
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sistors, germanium and silicone recifiers are developed in the Uni- 
ted States, which after further improvements are capable of recti- 
fying currents up to 10000 volts 


— in the American automobile industry fully automated production 
lines are put into operation which are up to 400 meters long 


— the American physicist of Hungarian origin EDWARD TELLER 
(born 1908) was the chief of a group of scientists who designed 


1952 


1953 


the hydrogen bomb. The first thermonuclear reaction was experi- 
mentally carried out at Eniwetok atol 
— the first British atom bomb is produced 


— the American atomic physicist DONALD ARTHUR GLASER (born 
1926) designed a so-called bubble chamber, which made it possible 
to discover a number of unknown particles 

— Soviet physicists carry out first experiments with the forming 
of deuterium plasma. In this manner they are attempting to solve 
the problem of the controllability of thermonuclear reactions and 
their utilization for economic and peaceful purposes. At the same 
time similar experiments are being done in the USA and in Great 
Britain ‘ 

— the English chemists RICHARD LAURENCE MILLINGTON SYNGE 
(born 1914) and ARCHER JOHN PORTER MARTIN (born in 1910} 
developed partition paper chromatography which strongly influen- 
ced a number of fields of modern chemical technology 


— in Austrian steel mills oxygen was used in the convertor pro- 
duction of steel, in a so-called LD process. Under various names 
this process was rapidly emulated in a number of countries. The 
time necessary for oxygen convertor steel production was shorte- 
ned to less than an hour 


— in Great Britain the first computer is used for civilian and 
commercial purposes. During several years computers greatly pro- 
liferated and began to be used in increasing numbers by commer- 
cial firms and by large industrial enterprises 


— a method of zone purification made the practicccal utilization of 
transistors possible; they soon began to replace vacuum vaives 


— Soviet physicists NIKOLAY GENNADYEVICH BASOV (born 1922) 
and ALEXANDR MIKHAYLOVICH PROKHOROV (born 1916}, as well 
as the American physicist CHARLES HARD TOWNES (born 1915) 
formulated the principles of a quantum molecule generator and 
laid the foundations of quantum radiophysics thus making possib- 
le, during further developments, the design of maser and laser 
instruments 

— the Swiss physicist and designer AUGUSTE PICCARD (1884-- 
1962) built a special bathyscaph with which he achieved a depth 
of 3150 meters at Ponza in the Tyrrhenian sea. Later this record 
was overcome by Piccard’s son Jacques (born 1922), who in the 
Marianas trench of the Pacific Ocean achieved a depth of 11034 m 


— breeding reactors or convertors which reproduce new nuclear 
fuel by radiactive decay are developed 

— in the USSR the seml-operational production of a new synthetic 
fibre called enant are begun. The polymerization process was de- 
veloped by ALEXANDR NIKOLAYEVICH NESMEYANOV (born 1899) 
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— in the USSR an all-welded bridge built over the Dniepr river 
near Kiev under the supervision of BORIS YEVGENYEVICH PATON 
(born 1918). Paton also developed the principles of automatic 
welding and invented new methods of electrically welding pipes 


1953—-1955 — in Western Germany and in the United States the pro- 


1954 


duction of polyethylene under normal pressure and only slightly 
increased temperatures was invented 


— in the Soviet Union at Obinsk near Moscow the first atomic 
power plant in the world was put into operation. The power out- 
put of the reactor was 5 MW and the electricity produced went 
into the national distribution network 

— in Sweden DC electric power lines of 100 kV by submarine cable 
over a distance of 98 km were installed 

— the American physicist CHARLES HARD TOWNES (born 1915) 
made a quantum amplifier or maser generator {Microwave Ampli- 
fication by Stimulated Emission of Radiation) 

— in the Bell Company laboratories in the USA the transformation 
of solar energy into electrical energy was carried out by a silicon 
battery with 11 % effectiveness 

— the Automobile Works at Mlad4 Boleslav began the large series 
production of the Skoda 440 ,,Spartak“ model 


— in the USA the first translation by machine from Russian into 
English was made on an IBM 701 machine 


1954—1955 — advanced automation takes place in the automobile in- 


1955 


dustry and in other industries; extensive automated production 
lines are installed and also inspection is carried out automatically. 
Automatic production operations are to be found in the USSR, the 
USA and soon also in Western European countries — the Federal 
Republic of Germany, in Great Britain, France and elsewhere 


— in the United States the construction of the Nautilus submarine 
with nuclear drive and its testing takes place. During subsequent 
years the building of atomic submarines was also developed in 
the USSR 

— first experiments are carried out with the direct transformation 
of chemical energy into electrical energy with the aid of oxygen- 
hydrogen cells 

— in France an electric locomotive achieves a speed of 331 km 
per hour on the route between Bordeaux and Dax 


— the Soviet metallurgical engineer BORIS YEVGENYEVICH PA- 
TON (born 1918), with his collaborators, developed a new highly 
effective method of welding thick-walled material without the use 
of an arc, by electro-slag welding 


1955—1959 — Soviet civilian aircraft transportation is equipped with 
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modern reactive TU-104, Il-18, An-10, TU-114 etc. airplanes 


1956 


1957 


— in Great Britain a new atomic power station at Calder Hall 
began operations. Its main object was the production of plutonium 
for atom bombs and the production of electricity was only a side 
product 

— in Great Britain and in the USA the first machines with pro- 
grammed control are designed. Soon machines of similar designs 
were made in the socialist countries 

— the American physicist LUIS WALTER ALVAREZ (born 1911) 
discovered cool nuclear synthesis with non-stable particles. This 
discovery is important for controlled thermonuclear reaction 
research 

— in the Soviet Union blast furnaces are built with an effective 
volume of 1513 m5; the majority of blast furnaces use increased 
pressure under the throat 

— in Sweden and the Federal Republic of Germany, Kaldo and 
Graef-Rotor steel processes in rotation furnaces with blasted 
oxygen are introduced 

— in the USSR the design of a locomotive driven by a gas turbine 
and mazut fuel is completed 


— in the Soviet Union the construction of the ice breaker ,Le- 
nin“ with atomic drive is completed. It has a displacement of 
16000 tons and the power output of the nuclear reactors is 
32 362 kW. Its maiden voyage was held in 1959 and soon it made 
an effective contribution to clearing the way for ships in Arctic 
seas 

— in the USSR on August 3", the first intercontinental R-7 rocket 
is launched. The rocket itself was designed by SERGEY PAVLO- 
VICH KOROLYOV (1907—1966), the reactive engines by VALENTIN 
PETROVICH GLUSHKO, the telemetry and controls by BORIS NI- 
KOLAYEVICH PETROV 

— in the Soviet Union the first artificial Earth satellite Sputnik 1, 
weighing 83,6 kg was launched on October 4", 1957 and Sputnik 2, 
weighing 508,3 kg on November 3", 1957, Sputnik 2 had the dog 
Laika on board so that the effect of a gravitationless state upon 
the living organism could be studied. The dog’s behaviour was 
monitored during 8 days by radio methods 

— the first atomic power station in the United States was built at 
Shippingport near Pittsburg with a power output of 60 MW 

— in the Soviet Union in the Nuclear Research Center at Dubno the 
largest at that time proton synchrotron, a very strong proton 
accelerator, was completed 

— in Belgium an electrical furnace for 150 tons of steel was built 
— at Harwell in England first experiments with a controlled 
nuclear hydrogen reaction lasting for a fraction of a second are 
carried out 
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1958 


— in the Soviet Union an apparatus for working glass by ultra- 
sound is tested 


— on February 1‘ the first United States satellite Explorer 1 
{weighing 14 kg} is launched into orbit. On March 17 it was 
followed by the Vanguard satellite (weighing 1,47 kg) and on 
March 26'" by Explorer 3 (14,1 kg) 


— the Soviet space satellite Sputnik 3 was launched on May 15". 
It weighed 1327 kg and carried an effective load of 968 kg 


— in the Soviet Union an OGRA system facility for producing hot 
deuterium plasma was put into operation 


— a Soviet single stage geo-physical rocket with scientific instru- 
ments weighing 1,52 tons achieved the record-braking altitude of 
473 km 


— in the USSR preparatory work for colour television broadcasting 
is completed 


— the assumed realization of a controlled thermonuclear reaction 


for a tiny fraction of a second took place within the framework 
of the ZETA project (Zero Energy Thermonuclear Assembly). Ho- 


- wever, not before 1963 was some progress made in this area, both 


in the USA and in the USSR 


-~- the Japanese ESAKI invented a tunnel diode, which consumes 
much less energy than transistors and makes the construction of 
the most modern computers possible 


— an American attempt, made on August 17'", to launch a rocket 


to the Moon ended in an explosion after 1 minute and 17 seconds 
of flight 


— a large solar furnace was put into operation in the Pyrenees 
mountains with a mirror measuring 54 m in diameter. It has a po- 
wer output of 1 MW 


— the Tatra enterprise at Kopfivnice in Czechoslovakia began the 
production of Tatra 603 model cars 


1958—1962 — another Soviet atomic power plant is built at Chelyabinsk 


with six blocks of 100 MW each. Graphite reactors were used with 
pressure channels cooled by water 


since the year 1959 — computers in the USA are given the task of con- 
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trolling the first automated chemical plants 


— the atomic ice breaker ,,Lenin“ was put into permanent opera- 
tion and sailed the Arctic seas 


_— on January 27? Luna 1, the first Soviet rocket to the Moon, was 


launched. On September 12° a second rocket was launched to the 
Moon, which achieved its target. On October 4'" the 3" Soviet lu- 
nar rocket — Luna 3 — was launched and was successful in pho- 
tographing the opposite side of the Moon 


1960 


— a Norwegian atomic power plant at Halden, with a power out- 
put of 10 MW, began operations. It was the first nuclear power 
station to use a boiling water reactor for heavy water 

— a hovercraft was invented which moved above the ground on 
air cushions 

— in the USSR a standard open-hearth furnace for 500 tons of 
steel is built; electrical furnaces for 200 tons are being designed 
— in the USSR the first bus driven by a gas turbine is made. Loco- 
motives with gas turbines achieve a power output of 2570 kW 

— in the Soviet Union the largest blast furnace is built for the 
production of pig iron with a capacity of 2200 m5 

— in the Soviet Union and in the United States experiments are 
carried out to use the Moon for ultra-short wave transmission 


— the Soviet Union was successful in building intercontinental 
multi-stage rockets with a range of 13000 km. At that time the 
maximum range of US rockets was 5000 km 

— a Soviet space craft, the prototype of future manned crafts, 
was launched on May 15'" with a dummy pilot 

— in the USA the first laser was made; this {Is a quantum Nght 
amplifier with a number of hopeful applications in various areas 
of technology 

in the United States the “Savannah”, a atomic ship for passenger 
and cargo transport was launched 

— in the Leningrad Machine Works a special gas turbine is built 
with a power output of 300 MW 

-—~ American satellites Discoverer 13 and Discoverer 14 on August 
11' and 18'* successfully returned to Earth after being in orbit 
— a second Soviet space craft on August 19‘ with dogs Strelka 
and Belka on board goes into orbit around the Earth and after 
18 orbits returned to Earth. Subsequent space craft in 1960 and 
the beginning of 1961 prepared the launching of the first man 
into orbit around the Earth 

— the unnamed American space craft Mercury on December 19** 
made a sub-orbital flight 

— in the United States the first meteorological satellite Tiros 1 
was launched into orbit, as well as communications satellites 
Echo and Courier and the first satellite to serve navigation pur- 
pose — Transit. During subsequent years series of these satellites 
were launched and reliably served in orbit for periods as long 
as several years 

— the American atomic power station at Dresden in the state of 
Illinois achieves a net power output of 200 MW 

— super-materials (combinations of metal and organic polymers) 
have been developed for space rockets; their physical character- 
istic greatly exceed the properties of existing classical materials 
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1962 
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— the American physicist J. E. KUNZLER discovered the supra 
conductivity of niobium and tin alloys 


— in the USA the OZMA project is begun; its aim is to register 
radio signals from possible developed civizilations in space 


— on February 12° a Soviet space probe was sent to Venus. 
After 6,5 million kilometres, radio communications were inter- 
rupted ‘ 

— on February 16" a suborbital flight of a Mercury space craft 
took place with a chimpanzee on board (the flight covered 675 km 
and achieved an altitude of 250 km) 


— on April 12° YURY ALEXEYEVICH GAGARIN (1934—1968) 
became the first man to go into space in the space craft Vostok 1 
(weighing 4725 kg). He was launched from the Space Center at 
Baykonur and landed at a pre-determined place in the vicinity 
of Smelovsk. He was in orbit for 108 minutes; the three-stage 
rocket had a power output of 14,7 million kW. On August 6" 
another Soviet astronaut, GERMAN STEPANOVICH TITOV (born 
1935) orbited the Earth 17 times for a period of 25 hours and 
18 minutes 


— a new speed record is formed in the USSR for a reactive air- 


plane E-166: 2678,5 km per hour. The altitude record reached 
34,714 m 


— in the USSR the Volga hydro-electric power station of the 22" 
Congress of the Communist Party of the Soviet Union is put into 
full operation; in its time it was the largest in the world, with 
the power output of 2563 kW 

— in the United States the first flight of man over a ballistic 
curve were carried out. On May 5'? ALAN SHEPARD (born 1923) 
was launched in a Mercury space ship. He achieved an altitude 
af 185 km and a range of 470 km. On July 25" a similar flight 
was undertaken by VIRGIL GRISSON (1926—1967 ) 

— a Soviet Mi-6 helicopter achieved the speed of 320 km per 
hour 

— in the USA several attempts are made to launch Mercury Atlas 
unmanned space crafts into orbit around the Earth and thus to 
prepare the possibility of putting the first American astronauts 


into space. Mercury Atlas 5 orbited twice around the Earth with 
a chimpanzee on board 


— in August an American space probe Mariner 2, was launched to 
Venus; it missed its target by 35 thousand kilometres and pro- 
vided much information from a distance of 58 million kilometres 


— on February 20 the first American astronaut JOHN GLENN 
(born 1921} made three orbits around the Earth in 4 hours 55 
minutes on board the space craft Mercury. On May 24'® MALCOLM 
SCOTT CARPENTER (born 1925) was launched on a _ similar 


mission and on October 3" WALTER SCHIRRA (born 1923) on 
board of the Mercury 8 orbited the Earth 6 times during 9 hours 
and 13 minutes 
— in the United States the first commercial satellite Telstar 1, 
for telecommunication purposes, was launched. With it the first 
television transmission across the Atlantic Ocean was carried out 
— in the USSR on August 11" and 12" the first group flight of 
astronauts was carried out; ADRIAN GRIGORYEVICH NIKOLAYEV 
(born 1929) and PAVEL ROMANOVICH POPOVITCH (born 1930) 
in space craft Vostok 3 and Vostok 4 approached each other to 
a distance of about 5 km 
— in the USA the Saturn rocket was tested 
— the German rocket pioneer WERNHER VON BRAUN (born 1912) 
made a significant contribution to its design. He later became the 
scientific director of the US rocket center at Redstone Arsenal 
— micro-miniaturization of various components and instruments 
for the scientific equipment carried by space ships and satellites 
develops rapidly 
— in the Soviet Union an automatic block rolling mill is built 
with remote control and programming by computers and with 
industrial television 
— in Great Britain new types of computers are introduced, whose 
memory has an initial capacity of 100,000 14 place numbers; this 
figure is later increased still more 
— the Americans carried out a Starfish hydrogen bomb test 
explosion with a force of 1,4 megatons (the explosive force of 
1,400,000 tons of TNT) at an altitude of 400 km above the Earth 
— in Moscov the first automatic train without an engineer is put 
into Operation 
— on November 1% a Soviet Mars probe was launched which 
achieved its target on May 1963, but after 106 kilometers of flight 
it lost contact with its control center’ 

since the year 1962 — in the Soviet Union a large series of Kosmos 
satellites are launched with scientific research program 

1962—1963 — in the USSR and in the USA small and easily assembled 
and portable atomic power stations are built; they were especially 
useful at Arctic and Antarctic bases 

1962—1965 — the power output of steam power station blocks is 
greatly increased, Some of these units have a power output of 
500 MW. Their efectiveness reaches 40 % 

1962—1967 — French atomic designers built experimental rapid breed- 
ing reactors called Rhapsody 

1963 — the American LEROY GORDON COOPER (born 1927) was 
launched on May 15'* into space in a Mercury space craft for 
21 orbits around the Earth. He was in space for 34 hours and 
20 min. 
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— Soviet astronaut VALENTINA VLADIMIROVNA TERESHKOVA 
(born in 1937) was the first woman in space; she was launched 
on June 16'" on a Vostok 6 space craft, orbited the Earth 48 times 
and was in space for 70 hours and 50 min. Together with VA- 
LERY FYODOROVICH BYKOVSKY (born 1934] who was launched 
on June 14'® on a Vostok 5 space craft, she carried out the second 
group flight into space. Bykovsky orbited the Earth 81 times and 
was in space for 119 hours and 6 min. 


— in July the first synchronous satellite — Syncom 2 — was put 
into orbit. It has an orbiting time of 24 hours and 14 minutes at 
an altitude of 36,000 km above the Earth, so that it seems to 
“hang” over one place in the Indian Ocean 


1963—1964 — in Great Britain civilian atomic power plants were put 


1964 


into operation at Berkely, Bradwell and Hunterston with power 
outputs of 300, 275 and 323 MW respectively. The electrical energy 
produced was still more expensive than that coming from classical 
steam power stations with petroleum or coal for fuel 


— the American space probe Ranger 7 sent back to Earth photo- 
graphs of the Moon surface at close range. Ranger then fell on 
the Moon 


— in the USA the aircraft carrier “Enterprise” with atomic drive 


— the largest ship in the world of this type — was built. The US 
already had 50 atomic submarines 


— the automobile plant at Mladd Boleslav in Czechoslovakia began 
the large series production of Skoda 1000 MB model cars 

— the American DONALD CAMPBELL with his car Blue Bird 
achieved a new speed record of 648,7 km per hour at Eyre Lake 
in Australia 

— on October 12'" the first multi-manned space craft Voskhod 1 
was launched and returned to Earth after 24 hours and 17 mi- 
nutes in orbit. On board were astronauts VLADIMIR MIKHAYLO- 
VICH KOMAROV (1927—1967), KONSTANTIN PETROVICH FEOKTIS- 
TOV (born 1926) and BORIS BORISOVICH YEGOROV (born i937) 
— a total of 440 computers were already in operation in various 
countries of the world 

— on November 28'" the United States launched the Mariner 4 
probe which began the successful exploration of the planet Mars 


— in the USSR an isotope generator with a power. output of 


. 150—200 watts was developed 
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— in the USA first experiments with ionic rocket engine above 
the Earth’s atmosphere are carried out 


— in the USSR the first generator using gaseous fuel was built 


— in Western Germany Wankel motors with rotary pistons are 
for the first time used in automobiles 


1965 


— the Americans carry out experiments with nuclear reactors 
which might provide energy for nuclear rockets 


— on March 18 the Soviet Union launched the space craft 
Voskhod-2 which orbited the Earth 17 times and was in orbit for 
26 hours. Astronaut ALEXEY ARKHIPOVICH LEONOV (born 1934) 
as the first man to emerge from a space craft and float in space; 
he spent 10 minutes on this space “walk” 

— American astronauts JAMES McDIVITT (born 1929} and ED- 
WARD WHITE (1930—1967) on June 3 to 5” spent 97 hours and 
56 min. in the space craft Gemini 4. White spent 36 minutes float- 
ing in space 

— on August 21% L. G. COOPER and CHARLES CONRAD (born 
1930) were launched in a Gemini 5 space craft and returned to 
Earth after a duration of 190 hours and 55 minutes. FRANK 
BORMAN (born 1928) and JAMES LOVELL (born 1928) on De- 
cember 4'° logged 330 hours and 35 minutes in Gemini 7 

— the American C. BREEDLOVE, in his three-wheel automobile 
“Spirit of America” achieved a speed record of 967 km per hour 


— on April 23 Soviet Union launched a communications satellite 
— Molniya 1 


after the year 1965 — computers of the third generation begin to be 


1966 


1967 


made; an integrated circuit is replaced by up to several hundred 
electrical circuits 


— in France, in Brittany, the first tidal electric power station 
with a power output of 240 MW is put into operation 

— American astronauts NEIL ARMSTRONG (born 1930) and DA- 
VID SCOTT (born 1932) were launched on March 16" on a Ge- 
mini 8 craft and for the first time performed a rendezvous of two 
space craft in orbit (Gemini 8 and Agena TV 8) 

— the Soviet Union launched Luna 9 which on February 3" 
carried out a soft landing on the Moon. Luna 10 was launched 
on March 31* and became the first artificial satellite of the Moon 
— the Soviet space probe Venera 3 on March 1* fell on the sur- 
face of Venus 

— in Britain the prototype of a reactor with a moderator for 
heavy water and cooling by ordinary water was put into opera- 
tion 

— on January 27" a Treaty on the Principles of Activities of Sta- 
tes in the Exploration and Utilization of Space, Including the 
Moon and other Celestial Bodies was signed. This provided the 
hope of peaceful cooperation in space 

— Saturn 5 a moon rocket, with a launching weight of 2700 tons 
was tested 
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1968 


1989 
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— in the Soviet Union a TU 144 supersonic transport airplane 
was built for 130 passangers with a cruising speed of 2550 km 
per hour and a range of 8000 km 


— on December 21* the American space craft Apollo 8 was 
launched (with astronauts FRANK BORMAN, born 1928, JAMES 
LOVELL, born 1928 and WILLIAM ANDERS, born 1935); this was 
the first manned craft to orbit the Moon. After 147 hours in orbit 
it returned to Earth 


— on January 15** for the first time two manned space craft 
Soyuz 4 and Soyuz 5 with Soviet astronauts VLADIMIR ALEXAN- 
DROVICH SHATALOV, BORIS VALENTINOVICH VOLINOV, ALEXEY 
STANISLAVOVICH YELISEYEV and YEVGENIY VASILYEVICH 
KHRUNOV on board firmly docked in orbit; Yeliseyev and Khrunov 
transferred from one craft to the other and returned to Earth 
with it 

— on July 21** American astronaut NEIL ARMSTRONG (born 1931) 
was the first man to step on the Moon; after him also EDWIN 
ALDRIN (born 1930) stepped on the Moon, while MICHEL COLLINS 
(born 1930) piloted the master capsule. They came on an Apollo 
11 space craft. The chief designer of the Saturn 5 carrier rocket 
was WERNHER VON BRAUN (born 1912), the chief designer of 
the Apollo space craft was MAXIME A. FAGET (born 1921) and 
the author of the flight plan was J. HOUBOLT (born 1919). On 
November 14'* Apollo 12 was launched on a similar mission 

— on October 14'" the Interkosmos 1 satellite was launched, the 
first space body which also carried Czechoslovak instruments 


— G. GABELICH in his car The Blue Flame achieved a speed re- 
cord of 1001,7 km per hour 


— on September 12" in the USSR the Luna 16 probe was laun- 
ched; it was, for the first time, successful in automatic unmanned 
retrival from the Moon and the successful transport of Moon 
rocks back to Earth. This represented the beginning of the suc- 
cessful automatic exploration of celestial bodies 

— on November 10'" Luna 17 was launched; it placed the first 
remote control electromobile — called Lunokhod 1 — on the 
surface of the Moon; the electromobile weighed 756 kg and 
carried two television cameras for gathering scientific informa- 
tion 

— on May 28" the Soviet rocket Proton carried a Mars 3 probe 
into space. On December 12** an instrument capsule was ejected 
from the probe and made a soft landing on the surface of Mars; 
it broadcast signals to Earth via the master probe 


— on April 23 the Soviet space craft Soyuz 10 with astronauts 
GEORGY TIMOFEYEVICH DOBROVOLSKY (1928—1971), VLADI- 
SLAV NIKOLAYEVICH VOLKOV (1935—1971) and VIKTOR IVA- 
NOVICH PATSAYEV (1933—1971) was a scientific orbital station 


1972 


1973 


1975 


— Salyut 1 — to which the astronauts moved and for 23 days 
carried out scientific research programme. However, when re- 
turning to Earth, air prematurely escaped from the craft and the 
astronauts were killed 


— the first American space probe for the exploration of Jupiter, 
Pioneer 10, was launched on March 3" 1972. It was the first 
man-made body which was to leave our solar system and for this 
reason it carried a “return address” 


— on November 3% an American automatic space probe — Ma- 
riner 10 — was launched to explore Mercury; it arrived on its 
target by a new method — making use of the gravitational field 


of Venus, which it measured as it flew past 

— American astronauts G. P. CARR, dr. E. E. GIBSON and W. R. 
POGUE in the Skylab satellite station, launched on November 16', 
achieved a record for long-term living in space — a total of 84 
days 


— on July 15" the joint mission of space crafts Soyuz (from the 
USSR) and Apollo {from the USA) was begun; during its course 
both crafts were firmly docked, the astronauts visited each other, 
did several experiments together, then separated the space craft 
and returned to Earth in the usual manner. This marked the 
beginning of direct cooperation between the Soviet Union and the 
United States of America in manned space flights 
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SUBJECT INDEX 


Should the reader be Interested In a particular entry or falls to find the wanted 
tnformation, he should first look up the respective general entry, set in a semt-bold 


face type. 


academy of science, see scientific 
societies 


accelerator of elementary particles 152, 
160, 161, 165 


accumulator, electric, lead-type 104 
acetylene for welding 138 


acid Bessemer converter 108 

— acid Bessemer process In Bohemia 
113 

— Bessemer, duplex process 119 

— predecessors i111 

— steel manufacture, duplex process 
116 

— steel! manufacture, oxygen 163 

— steel manufacture with acid 
masonry 103 

— with alkaline masonry 118 


acid Bessemer process 103 
— at Vitkovice 108 


acid, nitric 38, 71 

— picric 71 

— sulphuric 38 

— sulphuric, contact process 113 

— sulphuric, factory production 63 
— sulphuric, chamber 65 

— sulphuric, chamber in Bohemia 83 
— sulphuric, fuming 72 

— hydrochloric 65 


adit, Rudolf’s in Prague 49 
adjustable spanner 94 


adze 18, 23 
— iron 24, 59 


aeolipile 29 
aeronautics, see balloon 73, 75 


affinage of precious metals 96 
— of metals by powder aluminium 105 


agriculture see agrochemistry, 
agricultural implements, agricultural 
revolution, agricultural schools, 
alkaline flour, barley, bee keeping, 
beet, breeding, buckwheat, cattle, 
cattle housing, cereals, clover, 
combine harvester, cotton, cotton gin, 
cultivator, cutter, domestication, 
drawing force, drill seeding machine, 
fallow, fallow system, farming, 
fertilizer, fertilization, fire clearing, 
fishing, flail, flax, fodder plants, 
forrestry, fruits, grain crusher, 


grajn storage, grapevine, Harrows, 
harvesting implements, hauling net, 
hay loader, hops, horse, industry 
of agricultural machines, frrigation, 
land cultivation, legumens, lentils, 
literature on agriculture, lucerne, 
meadow, milking machine, millet, 
mortar, motor tilling, mowing blade, 
mowing machine, pasturing, peas, 
planting machine, plaster as 
fertilizer, plough, plough-share, 
pond construction, potatoe digger, 
potatoe harvester, potatoe planter, 
potatoes, rye, scythe, seedlings 
in forrestry, shank with a hook, 
sickle, sowing, sowing machine, 
spade, spelt, steam tilling, stonemills, 
sugar cane, superphosphate, tractor, 
three-plant system, thresher, wheat, 
wine-pressing 

— in alluvial valleys 19 

— in Bohemia 20, 42 

— in genera] 21, 23, 25, 28, 31, 43, 51, 
52 


— origins 16, 17 

— possessive 16 

— rotating crops 84 

— rotating crops in Bohemia 84 


agrochemistry 97 


air, compressed 58, 80 

— in mining 100 

— compressed, oll drilling 150 

air blower 22 

alr raid 144 

airline, public 144 

airplane, see aircraft 

alrplane, all metal 141 

— automatic control 143 

— distance record 151, 156 

— flight across the Atlantic 145, 149, 
158 

flight across the La Manche 140 
flight across the Southern Pole 151 
flight to the Northern Pole 149 
{lighter Jet JAK 15 161 

height record 168 

IL, IL 18 157, 164 

in Bohemia 141 

industrial production 114 

jet (reactive) 145, 149, 156, 157, 159 
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Junkers 151 

MIG 154 

model 104, 114 

multi-engine 143 

origins of theory 84, 129 
passenger, supersonic 172 
pilot-less across the Atlantik 161 
predecessors 44 

prediction 36 

prerequisites 135, 136 

rocket 118, 157, 161 

speed records 143, 168 

steam, project 118 

steam propeller, take off 121, 126 
take off of the Wright brothers 136 
TU 104, TU 114 164 


turbopropeller (turbine) 157 
airship with gas engine 111 

— crossing of the Atlantic 145 

— dirigible 124 

— dirigible, all metal in Russia 128 
— dirigible, steam 101, 111, 121, 124, 
128 


— dirigible with I. C. engine 134 
— dirigible, Zeppelin 133 


alchemy 30, 38, 49, 50, 56, 57 
alcohol 32, 38 


alkaline converter process 116 
— predecessors 111 


alkaline flour 116 
alloy, fron, research 145 


alphabet 24 
— Morse 97 


alphabetical script 24 
alternator, high frequency 127, 142 
alum 38 


aluminium, electrolysts 122 
— industrial production 102 


amalgamation 31, 47, 74 


ammonia, synthetic, industrial 
production 140 


amplifier, guantum 164 
— quantum of light 167 


analyzor, differential 160 

anchor escapement 61 

aniline, dyes 105 

— by distillation of indigo 90 

— made of tar 97 

animal husbandry (also see 
domestication) 17 

— cattle 20 

animal trap 13 

annular furnace for bricks 95 

antena 126, 130 


hp ra 
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aqueduct 29 
arc, electric 81, 82 


architecture and civil engineering 
colleges 48, 54 


architecture, genera] 24, 27 

— civil see annular brick furnace, 
aqueduct, architecture, Babylonian 
tower, bitumen, brick, brick furnace, 
caisson, cast fron in architecture, 
castle, cathedral, cave, cement, 
chaussée, Colosseum, concrete, 
concrete ebam, concrete pouring, 
construction, construction machine, 
dug-out, Eiffel tower, fire place, 
fortification wall, heat distribution, 
heat plant, house, house lift, hut, 
inclined platform, iron structure, 
levelling, lightning rod, lime, 
mason's level, mortar, motorway, 
permanent settlement, perspective, 
plaster, plummet, plywood, 
pyramides, reinforced concrete, 
road, road rolling, roof cover, 
sewer, skyscraper, squirrel cage, 
strenght, stuccoe, tar paper, temple, 
tower transfer, town, treadle wheel, 
tunnel, vaulting village, wall, water 
cock, water level, water supply piping, 
window glazing 

bridge (also see bridge} 70 

Gothic 35 

pond 46 

Renaissance 42 

Roman 34 

water see aqueduct, Artesian well, 
bridge, caisson, canal, chamber lock, 
dam, diving bell, excavator, filtration 
Station, gutter, hydropower station, 
pond, pond construction, piping, 
Rudolf’s adit, shadoof (pump), 
tunnel as sewer, water fountain, 
water lock, water raising wheel, 
water supply, water wheel, 

water works 

areometer 77 


armature, drum for dynamos 112 
— circular for electric motors 105 
— ring, electric 110 


armour, steel 119 
arrow 15, 17 

arsenal of Venice 46 
artesian well 28 


artificial jewellery 61 
— of Jablonec 100 


artillery 43, 64 
artisans, specialized 20 
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asphalt 17 
— for roads 24, 100 


assaying 49 

astrarium 39 

astrolabe 28 

astronomy, Instruments 51, 79 
atlas of the world 46 


atomistics see accelerator for particles, 
atomic ice breaker, atomic power 
station, atomic research, atomic ship, 
betatrone, bubble chamber, 
cyclotrone, electrolysis of heavy 
water, electron, heavy water, {sotope, 
measuring of radioactive radiation, 
nuclear energy, nuclear reaction, 
nuclear synthesis, nuclide, plasma, 
quantum generator, radioactivity, 
radioisotopes, radionuclide, 
radiophysics, radium, reactor, 
scientific instruments, synchrotron, 
thermonuclear reaction 


autogenous welding 135, 138 


autogyro 141 

— for vertical take-offs 146 

automate 

— lathe 108 

— spinning machine, self-actor 89 

automation sie automate, automatic line, 
automatic production, computer, 
computing technique, cybernetics, 
electronics, engineering, literature 
on cybernetics, machine translation, 
photocell, programme-controlled 
machine, programming, punch-card 
machine 

— advanced 164 

— in automobile production 150 

— in the USSR 162 

— origins 75, 128, 146, 158 


automaton, model 64, 72 

— speaking 72 

automobile see assembly line, 
automation, automobile plant, 
automobile races, autoradio, bearing, 
body, brake carburetter, clutch, 
chromium plating, differential gear, 
engineering, engines, flues, gas oil, 
gearbox, headlamp, horn, ignition, 
interchangeable parts, petrol, spark 
plug, starter, surfase transport, 
swinging semi-axles, tatra, 
transmission, transport 

— Aero 151 

— by Ford 128 

— crossing of the St. Gotthard pass 129 

— electric, accumulator type 117 

— electric, factory production 130 


electric In Bohemia 129 

electric motor 94 

electric, 105 kms/hour 132 
explosion engine utilizing kerosene 
vapours 107 

front-wheel drive 136, 152, 154 

gas engine 107 

gas turbine 162 

I. C. engine, origins 83 

in Bohemia- pre-history 102 

KdF 157 

Mercedes, classical prototype 135 
petrol engine by Benz 121 

petrol engine by Daimler 120 
petrol engine, factory production 124 
petrol engine in Bohemia 129, 131 
petrol engine, long-distance ride 124 
petro] engine, origins 107, 113 
production in series 132, 135 
spark plugs 136 

speed of 1001 kms/hour 172 

speed record 132, 140, 147, 149, 152, 
156, 157, 162, 170, 171, 172 

steam 8, 102 

steam, speed record 134, 138 
swivel pins 132 

Skoda 440 Spartak 164 

Skoda 1000 MB 170 

truck, Skoda 706 R 161 

with brakes on all four wheels 134 
with diesel engine 152 


automobile plant 

— at Miad4 Boleslav 138 

— DKW 152 

— Fiat 132 

— Ford 137, 139, 140, 142, 146, 149 
— Praga 139, 141, 147 

— Renault 161 

— Skoda 148 

— Tatra 147 


automobile races 129, 137 
autoradio 149 
autotypy 101, 119 


aviation, prerequisites 123, 125 
— principles of theory 126, 133, 135, 
136, 138 


awl 14 
axe, stone 13, 14, 18 
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bakelite 140 

ballistite 123 

balloon, hot air 73, 76 

— ascent records 82, 113, 152, 155 
— aviation 75 

— flight to the Northern Pole 131 
— hydrogen 73 
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— lighting gas 73 
— stratospheric 15 


barchant 38 
barley 16, 17, 20 
barometer, also see pressure gauge 54 


barrel, gun, rifled 50 

— bore 64, 71 

— cast iron 60 

— rifle, rifled 44, 47 

bars of metal, as means of payment 24 
base, rocket in Peeneminde 156 
basket, weaving 15 

bathyscaph 163 


battery, electric 78, 81, 84, 93 
— quick-firing 64 
— silicon 164 


beam, concrete 103 
bearing 49 
— ball bearing 78 


— ball bearing in automotive industry 
128 


— roller bearing 27, 44 
— stone, for clocks 60 


beater, paper mill 57 
beating, copper 118 

— gold 22 

bee keeping in Bohemia 33 


beer in Bohemia 33, 34, 47, 49, 61, 77, 98 
— hops beer 31 


belinograph 145 


bell, bronz 24 
— electric 94 


bell, church 31, 36, 63 
— diving 46 


bellows for blowing 22 

berline (coach) 59 

betatrone 152 

bicycle 85, 110 

bitumen 17 

blade, stone 14 

blades, microlitic 17 

blast preheating for blast furnaces 104 
blattnerphone (magnetic recording) 153 
bleaching, by chlorinated lime 79 

— by chlorine 71, 75 

— by sulphuric acid 65 

block, griding 18 

— of cast steel 101 

block rolling mill, automated 169 

— in Bohemia 87, 120 

— fron with electric drive 138, 139 

— sheet, Lauth mill 108 
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— steam 73, 74 

— water drive 40, 66 

bloomary furnace 41 

blowing of glass 29 

blowing of oxygen In rotary furnace 165 

— high pressure air blast 159 

— of air (see blower) 22 

blueprint 51 

boat, diesel engine 135 

all-iron 75 

electric 93 

gas engine 110 

hewed from a single trunk 15 

petro] engine 120, 121 

propeller torpedo 81 

river 22 

steam (also see steamer} 63, 64 

steam in Bohemia 86 

bobbin lace making 48 

bodywork, all metal 148 

— automobile, aerodynamic 146, 153 

boiler, steam 59, 61 

— steam, flue 80 

— steam, high pressure 80, 116 

— steam, water tube 80 

bolt thread cutter 44 

bomb, atomic 160, 162, 163 

— atomic, prerequisites 158, 160 

— hydrogen 162, 163 

— hydrogen in USA 169 

bone (as implement] 11, 12, 14 

boring machine for gun barrels 40, 64, 
71 

— steam cylinders 69, 71 

borite in dyeing 51 

bow drill 15 

bow with string 15, 36 

brake, hydraulic for automobiles 145 

— automatic for railway cars 111 

— pneumatic for railway cars 109 

brewing of beer (see beer) 44 

brick 23 

— burnt, hollow 85 

— dried 17 

— machine moulding 53 

— standardized 79 

bridge across Addu 40 

— all-welded 164 

— cast iron 70 

— chain 89 

— chain across the Vitava 96 

— chain in China 30 

— concrete 86 

— on steel wire ropes 96 

— on steel wires 86 
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— puddle iron 79 

— railway 96 

— stone 25 

— stone across the Danube 30 

— stone in Bohemia 35, 37, 40 

— suspension in San Francisco 156 
— wooden 25 

Bronz Age 20, 22 


bronz 20, 22, 23, 28 

— in Central Europe 23 

brown coal briquettes 92 

browning (pistol) 133 

buckwheat 39 

built-up 14 

— specialized 14 

— welded 32 

— iron, by casting 27 

bullet 39 

bucket wheel 25, 28, 38 

— bycicle (also see velocipede) 85 
high 110 

guide wheel, turbine 100 

in transport 21 

overshot wheel 38 

Pelton, wheel 120 

rudder wheel (also see rudder) 60 
runner turbine 100 

Segner wheel 66 

spinning, wheel 35, 44 

spoke wheel 23 

treadle wheel 28, 29, 36 
undershot wheel 38 

water wheel 25, 28, 32, 37, 58 
water wheel at Marly {100 HP) 57 
water wheel, horizontal 28 

water wheel, sctentific designs 64 
water wheel, vertical 28 


bulb 
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— carbon, predecessors 82, 87, 102, 105, 


111 
— Edison 116, 118 
— in Bohemia 118 
— Nerst 131 
— osmium 132 
— platinum 87 
— tantalum 138 
— tungsten 141 
— twin-filament, automobile 147 
bunna [also see caoutchouc) 144, 156 
burner, Bunsen 122 
— gas, regenerative 117 
— slit-type (butterfly) 83 
burning of clay objects 18 
bus, 
— gas turbine 167 
— I. C. engine 131 
— steam 87, 91 


cable, electric 118 

— telegraphic, deep-sea 100, 104, 108 

caisson, driving 96 

calcium 17, 31 

— aluminate 78 

— chliorlated 79 

— cyanamide, factory production 132 

calculator {also see calculating 
machine) 112 

calico 51 

cam 28, 34 

camera, cinematographic 125, 127, 128, 
129 

— cinematographic, predecessors 111, 
112 

— television 151 

camera obscura 33, 48 

can, tin-coated &4 

canal 

— between Euphrates and Tigris 26 

— between the Red and the 

Mediterranean Seas 28 

between the Vitava and the Danube 

40, 76, 89 

in China 30 

irrigation 20, 30, 63 

Languedock 57 

navigation 36 

Panama 143 

Schwarzenberg’s 76 

Suez 98, 110 

ndle, Jablotchkov 114 

— paraffin 95 

— spark plug 136 

— stearine 84, 93 

— tallow 30 

— wax 30 

— wax in Bohemia 33 

cannon shell 39, 43 

caoutching curing 95, 101 

caoutchouc, origins of use 66, 70 

-—— for artifical leather 88 

— rubber manufacture 101 

— synthetic 140, 14, 149, 150, 152, 154 

— synthetic, buna 156 

— synthetic, predecessors 134 

capacitor, electric 65, 74 

cCaprolactan, technology 159 

car sleeping, railway 101 

carbon brushes for generators 119 

carborundum for griding discs 122 

— synthetic 128 

carburetter for petrol engines 124 

— float 128 

— for gas engine 106 

— jet 128 
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carding, machine 65, 66, 71 


cardridges, metal 106 
— powder 50 


carriage (lathe) 44, 61, 78 
cartography (also see map) 46, 48 
cartridge, gun powder 50 

carver, stone 14 


cast iron, copula furnace 79 
— gray cast iron 79 

— iron 27, 41, 42, 43, 60, 64 
cast steel 101 


casting {In bronz 22 

— in copper 20 

casting in moulds 22 
barrels 60 

bells 31, 36, 63 
characters for printing 57, 111 
ingots, continuous 159 
investment method 22 
mirrors 58 

pressure 149 

steel 101 

— steel, continuous 156 
casting of concrete 139 
castle, stone 34 
caterpillar band 94 
cathedral, Gothic 35, 36 
cattle 20 

— housing 52, 72 

cave as dwelling 13, 14, 15 
chain, link 44 

chair 22, 23 


chamber, bubble 163 

— dark (see camera obscura) 38, 48 
— lock in Bohemia 62 

— lock in China (also see gate) 32 
— lock in Europe 36 


characters, interchangeable for printing 
33, 39, 40, 43, 57 


Charcoal] in fron production 23, 41, 62 
chaussée (road) 79 


chemistry see acetylene, agrochemistry, 
air, alcohol, alchemy, alum, ammontfa, 
aniline, apparatus for liquified air, 
artificial leather, asphalt, autogene, 
bitumen, bleaching, buna, caoutchouc, 
chemical factory, chemical industry, 
chemical technology, chlorine, 
cellulose, coal, collodion, cork, 
cosmetics, cosmetics industry, 
crude ofl, curing, 
DDT dimetylbutadiene, distillation, 
distillation apparatus, dyeing, dyes, 
ebonite, electrochemistry, 
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electrolysis ether, ethylene, 
explosives, foodstuffs Industry, fuels, 
gas, oil, guttapercha, hydrochloric 
acid, laboratory, lime, linoleum, 
liquified, literature on chemistry, 
macromolecule, magnesium, 
methylalcohol, nitre, nitric acid, 
nitrogen, nitroglycerine, ofl cracking, 
penictline, periodical table, petrol, 
phosphorus, photography, picric acid, 
plastics (man-made fibres), 
polymerization, potassium, 
preservation, radium, rubber, 
sal-ammontac, soap making, soda, 
sodium, spirft, sugar manufacture, 
sulphur, sulphuric acid, tar, vitriol, 
vitriol oil, water glass 

— analytical 55 

— fermentation 99 

— in agriculture 
{also see agrochemistry) 97 

— inorganic 147 

— organic 97 

— origins 14, 49 

chest 59 

chipping 12, 13 

chisel 22, 27 

— stone 14 

chlorine 71 

— for bleaching 75 

chocolate in Europa 52 

chord 15, 22 

chromatography 163 

chromium plating of automobile parts 
148 

chronometer (also see clock) 68 


cell, photoelectric 128 

— fuel 119 

— galvanic 78, 80, 81, 82, 93 
— galvanic by Leclanché 114 
— galvanic, dry 124 

— oxygen-hydrogen 164 

— selenium 115, 121 
cellophane 140 

celluloid 103 

cellulose 

- for the production of paper 112 
cement 89 

— Portland 8&9 

— Roman 78 

centrifuge 71 


ceramics see annular furnace for 
burning of bricks, brick furnace, 
bricks, burning, ceramic kiln, enamel, 
faience, fire-burning, glass making, 


majolica, porcelain, potter’s wheel, 
potter’s kiln, pottery, stoneware 
15, 18, 19, 20 

— factory production 71 

cereals, wild 16 

cigarette, machine production 114 


cinema, stereoscopic 159 
— public for cartoon films 128 


cinematograph of the Lumiére brothers 
129 

cinematography see camera, cinema, 
cinematograph, copying machine, 
film, film studio, Maltese cross, 
photography, praxinoscope, projector, 
shooting, stroboscope, stroboscopic 
dics, studio, tachyscope, triergonfilm 

— early films 127 

— predecessors 33, 98, 97, 111, 112, 117, 
123, 124, 127, 128 


circuit, closed oscillating 130, 131 
clarification of beet juice 92 
clay tablets for writing 23 


clock 

— also see chronometer 

astronomical 39, 42 

driven by water wheel 30 

electric 96 

Huygens’ 55 

pendulum 53 

pocket 47 

pocket, series production 100 

quartz 150 

stop watch 88 

sundial 22 

water 22, 31 

with anchor escapement 61 

with helical spring 40, 43 

with spindle escapement 38 

with stone bearings 60 

— with universal coupling 56 

clover 51, 72, 76 

coach 51, 60, 67 

— with suspension 56 

coal, brown, briquettes 92 

hydromechanical extraction 156, 158 

mechanized mining 155 

pitcoal, coking 50, 60 

pitcoal in Bohemia 68 

pitcoal, in glass production 69 

pitcoal in iron metallurgy 60 

pitcoal, origins of extraction 51, 57, 

66 

— pitcoal, pudddling 74 

coal cutting machine, in mining 68, 98, 
102 

-— disc type in mining 106 

— electrical in mining 106, 115 
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— endless chain tn minig 102 

— rotary bar in mining 102 
coatch, steam 81 

— mail 52 

cock, water 53, 78 

coherer 127, 130 

coll, self-induction in telephony 133 
coins, cast 24, 35 

coke 50, 74 

— in iron manufacture 60, 63, 74 
coking 50 

collector 92, 110 

collodion 99 

— In photography 101 
colonization of forrests {in Bohemta 35 
Colosseum in Rome 30 

colour wood engraving 45 

colt (revolver) 93 

combine 105, 109 

— cutter loader 152 

— cutter loader Donbas 162 

— opening cutter 157 

— reaper and thresher 94 
commutator 92 

compass !n China 34 

— gyroscopic 138 

— in Europe 35, 36, 44 

— magnetic 138 

— surveying 53 

composition, glass 60 

compressor, pneumatic 91 

— for I. C. engines 142 

computer 

— EDSAC 162 

— electronic ENIAC 161 

— for factory control 166, 169, 170 
— for industrial applications 163 
— mechanical 160 


— predecessors (also see calculator) 


92, 93, 125 
— third generation 171 
— with change-storage tube 162 
— with electromagnetic ralays 156 


concrete, also see reinforced concrete 

— used by the Romans [also see cement} 
29 

condenser 

— steam engine 69, 83 

conducter, electricity 62 

construction, stone 17 

— fortification 58 

— living 17 

— skyscraper 152 

— tent-like 13 
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control room in power station 148 


conversion, direct 

— of coal into gas, underground 153, 
159 

of thermal energy into electric energy 
150 

— solar energy into electric energy 164 

conveyer belt in mining 135 

cooker, electric 104 

cooker, pressure by Papin 57, 58 

cooking of food 14, 50 

copper, natural, beating 18 

— extraction 21 

— from pyrites 108 

— in Slovakia 45 

— reverberatory furnace 58 

— smelting 19, 21, 22, 23 

copper ruby 84 

copperplate graving 43, 44 

copying machine in cinematography 129 

cork for linoleum 98 

cork screw with sleeve 77 

corrugated roof sheet 98 

cosmetics 19 

cosmonantics see aircraft transport, 
emerging and floating in space, 
flight over a ballistic curve, 
landing on the Moon, literature on 
cosmonautics, literature on rockets, 
Lunokhod, orbit flight, orbital station, 
photography of the Moon, probe, 
project OZMA, rocket, space center, 
space flight, space ship, 
supermaterials 

cotton 

— cotton gin 77 

— fabric (textile) 51 

— first reports 26 

— gun cotton 99, 105 

— processing in Bohemia 38, 63 

— spinning 54 

counter, Geiger-M@ller 140 


coupling, universal 56 

— hydraulic 141 

— hydrodynamic 141 

cracking of oil, industrial 190 
cramp 23 

crank (crank mechanism) 41, 44, 72 


crankshaft 32 
— steamer 95 


cross bow 28 
-- In Central Europe 36 
— torsional 26 
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crude ofl], distillation, continuous 127 

— extraction 102, 104, 143, 146 

— extraction by compressed air 150 

— origins 88 

crystal, Bohemian 40, 56 

— Venetian 52 

crystal detector 135, 139 

cultivating machine for soil loosening 
151 

cultivation of land 16 

cupola furnace (for cast iron] 79 

current, electric 78, 80, 87, 91, 108, 109 

AC 122, 125, 126, 130 

DC 108, 109, 130 

electric, AC in Bohemia 130, 138 

electric, AC, long distance 

transmission 126, 127 

electric, from fuel ce}l 119 

electric, high frequency 126 

electric, high voltage 126 

galvanic 85 

high frequency for hardening of 

metals 155 

cushion tank 67 

cutting, autogeneous 132, 135 

— electrical, under water 119, 153 

— glass 21 

— stone 18 

— threads 78, 93 

cutting edge, steel, welded 32 


cutting machine, water drive 58 
— mechanical 77 


cybernetics 160, 162 
cyclotrone 152 
cylinder, Wehnelt (cathode tube) 137 


cylinder flat head printing machine 84 
— printing in Bohemia 101 


cylinders, calibrated 65 
cyaniding of gold ores 123 


daguerreotypy 96 

dam 40 

DDT 158 

defectoscopy of metals 150 
degermination of malt 77 
densimeter in brewery 77, 99 
dephosphorizing of fron 111 


detector 127 
— crystal 135, 139 


deuterium plasma 163, 166 
diesel oil, see crude oil 127 
— engine 128 


differential gear, in automobiles 88 
— in clock making 70 


diffusion in sugar mills 99, 107 

diligence (coach}, suspended 

dimethylbutadiene (for the production 
of rubber) 144 

diode [valve) 137 

— tunnel 166 

diopter 26 

discharge lamp with mercury vapours 
157 

discovery voyages 36, 44 

distaff 18 

distance meter 29 

distillation, by the Arabs 32 

— column apparatus 81 

— in the medieval 38 

— of coal 58, 77 

— of Indigo 90 

— of oil 88 

— of oil, continuous 127 

— of vitriol 65 

distribution of electric current 118 

— electric current, wireless 126 

— heat, long distance 115 

— steam, Corliss 99 

— steam, slide valve 79 

diving sult with breathing apparatus 
142 

division of labour 11, 16, 19, 21 

— in gild production 34 

— in manufactures 36, 54 

dog, domestication 14 

domestication of horses 21 

— of sheep and goats 16, 17 

— pork and cattle 17 

drawing, mechanical 64, 71 

drawing dies for wire 32 

drawing of tubes 84 

dresine (bicycle) 85 

Dreyse needle gun 90 

arill bit 23 

— bow 13, 15, 22 

— helical 70 

— hollow 18 

— In handle 14 

— stone 13, 14 

drill with crank mechanism 41 

— percussion, in mining 100 

-— pheumatic, in mining 103, 104 

— steam, in mining 100 

drilling 15, 18, 41 

— diamond bit 107 

— pneumatic 91 

— shafts in USSR 160 

— turbine of oil wells 146 

drilling of rocks 100 


drive, electric 

— electric, in engineering 125 

— horse capstan, see horse capstan 

— jet 77 

— origins 8&8 

— pneumatic 80, 91 

— pneumatic in mintng 100 

— propeller, see propeller 

— rocket, theory 136, 137 

— steam (see steam engine) 77, 99 

— trolley, electric 120 

— water {also see water wheel) 33, 386, 
38, 39, 40, 45, 51, 58, 63 

— wind (see wind mill) 45 

driving, pneumatic in mining 103 

— shaft by caisson 96 


ducat, Hungarian 38 

dug out 13, 14 

duplication, polygraphic 110 
duralumin 138 


dwellings of early peasants 20 

— of unburnt bricks 17 

dye, aniline 131 

— organic 115 

— synthetic 105, 131 

— synthetic, based on tar 103 

— synthetic, origins °O, 91, 97 

dyeing of fabrics 33 

dyeing see aniline, borite, chlorine, 
distillation, dyeing agent, indigo, 
indigo sulphonation, mauvein, 
printing, staining dys, Zinin’s 
reaction 24, 51, 65 

dynamite 109 

dynamo, Edfson’s 118 

— electrical 108, 109, 112 

— experimental 91 

— with ring armature 110 

ebonite made of caoutchouc 101 

education technical, see academy, 
agricultural schools, architecture 
schools, artillery schools, 
enginnering schools, exhtbitions 
technical and industrial, mining 
schools, Musefon, navigation schools, 
polytechnical school, real schule, 
Royal Society, sclentific societies, 
technical literature, technical 
museum, technical schools 

electric line, long distance 112, 113, 118, 
119, 126, 127, 146 

— telephone 133 

— trolley 120 

electric coil 104 


electric motor 112 
— experimental 88 
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— first use 93 

— for locomotives 116 

— in industry 125 

— with ring armature 105 


electric steel 132 


electricity 

— for blast works 132 

— friction (apparatus) 25, 54 
— in mining 115, 121 

— origins 65, 67 


electricity supply meter 118 
electrification, prerequisites 118 
— railways, origins 118 
electrochemistry 80, 135 

— polarograph 147 

electrode 82 

— mercury dropping 146 
electrodes, metal 124 


electrolysis 

aluminium, theory 141 
aluminium production 122 
heavy water production 153 
plating 95 

potassium and sodium 82 
sea water 159 

water decomposition 80 


electromagnet 82, 92 
— of rotary machines 98 


electromagnetism 89, 92 
— waves 122 


electromobile {also see electric 
automobile) 94 

— accumulator 117 

— dynamo 117 

— factory production 130 

— in Bohemia 129 

— Lunokhod 172 

electron {magnesium alloy) 148 

— for artificial transformation of 
atomic nuclei 155 

electrotechnology see accumulator, 
alternator, arc lamp, armature, 
battery, broadcasting, brushes, bulb, 
bulb socket, cable, capacitor, carbon 
regulator, cathode tube, closed circuit, 
collector, commutator, conductor, 
control room, conversion of energy, 
current conductivity, current 
distribution, Current transmission, 
diode, dynamo, dynamoelectric 
machine, dynamoelectric principle, 
electric arc, electric automobile, 
electric bell, electric boat, electric 
coil, electric current, electric cutting, 
electric drive, electric fountain, 
electric furnace, electric horn, 
electric Iron, electric lamp, electric 
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lens, electric mains, electric motor, 
electricity, electrification, electrode, 
electroengineering literature, 
electroengineering plant, 
electrochemistry, electrolysis, 
electrolytical metal plating, 
electromagnet, electromagnetic 
waves, electromagnetism, 
electromobile, electrotechnology 
exhibition, energy, feedback, friction 
electricity, galvanoplastics, 
generator, germanium, hydropower 
station, induction, industrial 
exhibition, insulation material, 
insulator, Leyden jar, lightning rod, 
magnet, magnetic field, 
magnetoelectric machine, oscillator, 
photocell, photoelectric cell, 

power station, power transmission, 
radio, rectifier, resistor, 

rotor, selenium cell, semiconductor, 
supraconductivity, switch, 
telecommunication, telegraph, 
telerhone, television, tramway, 
transformer, transistors, transmission, 
triode, turbogenerator, vacuum 
valve, voltaic pile, Wehnelt’s 
cylinder 


electrotechnology, prerequisites 78, 87 
emulsion, photographic 123 

enamel 26 

— nacre 84 

— porcelain 84 


enamelled ware 73 
enant, synthetic fibre 163 


energy, electric 91 

— electric, world production 156 
— nuclear, freeing 157 

— solar 151 

— thermal, sea, application 148 


engineering see autogeneous cutting, 
automate, automobile, bearing, 
blower, boiler, bolt, bolt thread 
cutter, boring machine, cam, cam 
mechanical, carborundum, carriage, 
centrifugal governor, centrifuge, 
cog mechanism, compressed air, 
compressor, connecting rod, coupling, 
crane, crank (mechanism), cutting 
machine, differential gear, drill, 
drilling, drop hammer, electric 
cutting, engineering literature, 
engines, flywheel, forging, friction 
in machines, gear hobber, grear train, 
gearing, graduation machine, 
grinding, helical spring, hot air 
engine, interchangeable parts, joint, 
lathe, link chain, machine grinder, 


machine tools, machining shop, 
micrometer, milling, milling machine, 
motorcycle, nontus, piston, piston 
engine, nlaning machine, pneumatic 
engine, press, pressure gauge, pump, 
replacement of parts, rivetting, 
rivetting machine, scales, shadoof, 
squirt, steam engine, steel, sweeps, 
technology of machines, 
transmission, thread, thread cutting 
turning, turning machine, 
ultracentrifuge, universal joint, 
valve, welding 

— in Plisen 105, 123 

— machine shop CKD 107, 111 

— origins 80, 87, 93 

— prerequisites 80, 93 

engineering, scientific 71 

engines see aeolipile, boiler, bucket 
wheel, carburetter, centrifugal 
governor, Compressor, condenser, 
connecting rod, cushion tank, 
cylinder boring machine, drive, 
electric motor and electric machines, 
see electroengineering, energy 
transmission, gas turbine, guide 
wheel, horse capstan engines, 
hot air engine, hvdraulic ram, 
ignition, locomobile, Pelton wheel, 
petrol, piston, piston engine, reactor, 
runner, Segner wheel, shaft, squirrel 
cage, steam distribution, steam 
engine, steam force, steam pressure, 
steam turbine, steam vacuum pump, 
steam valve, transmission, treadle 
wheel, turbogenerator, water column 
engine, water force, water mill, 
water raising wheel, water turbine, 
water wheel, wind mill 

English inch 113 

ethylene, synthetic 140 

excavator 44 


excitation of electric machines 108 

— of electric oscillations 133 

exhibition, electroengineering 118, 119 

exhibiton technical and {ndustrial 58, 
69, 77, 101, 112, 130 

explosives see ballistite, blast work, 
dynamite, Greek fire, gun cotton, 
gun powder, igniter, mercury 
fulminate, nitrocellulose, 
nitroglycerine, saltpetre, slow match 
99, 109 

explosive misstle 40 

extraction of raw materials, 
underground 15 

— coal, hydromechanical 156, 158 

— coal, mechanized 159 


fabric, textile 23 
— printed 28 


factory, electroengineering 
— aircraft tn USSR 154 

— chemical, automated 166 
— Kolben 130 

— organization of labour 70 
— origins 70 


faience 36 
fallow (fallow system) 31, 34, 52 
feedback af valves 142 


fertilization by nitre 51 
— alluvial mud 19 

— manure 52 

— mineral salts 97 

— plaster 76 


fertilizer, potasstum 105 
— alkaline flour 116 

— artificial 97 

— calcium cyanamide 132 


field, magnetic 87 

— magnetic, rotary 122 

file 23 

filling by bitumen (asphalt) 17 


film, colour, predecessors 141 
— cartoon 128 

colour, larger-scale production 156 
colour, Technicolor 144 

for cinematography 123, 124 
nitrocellulose 127 
photographic 123, 124 
sound, Lee de Forest 146 
sound, mation picture 150 
stereoscopic 155, 159 
wide-angle 151 


film studio 127 

filter press in sugar mills 107 
fire clearing 20 

fire place 39 

fish hook 15 

fishing 15 

fission of uranium nuclei 158 
fix in photography 96 

flail 17 

flax 20, 38 

floated graphite 78 

Flobert rifle 98 

fluorescent lamp 157 
flywheel 32 

fodder plants 38, 51 

foil, golden 22 

forceps 21 
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foodstuffs, see beer, beer brewing, 
centrifuge, chocolate, degermination 
of malt, densimeter, foodstuffs 
industry, hand mill, honey, hops, 
Hterature about beer brewing, malt, 
margarine, mead, milking machine, 
mill, milling, of], pasteurization, 
preservation, preservation industry, 
production of foodstuffs, spirit, 
sterilization, stonemills, sugar 
production, wine press 

forging of copper 20 

— of iron 23, 30 

forging of shafts 95 

fork 33 

forrest seedling 55 

forrestry 56, 59 

forse 

— steam (steam engine see) 52, 58 

— drawing of animals 17, 21, 23, 25, 26, 
28, 32, 39, 64 

— water (see water wheel, water mill, 
water drive) 25, 59 

— wind (see wind mill) 

foundry 

— cast steel in Pilsen 123 

— cast steel at Vitkovice 123 

fountain 55, 57, 60 

fountain, electric lighting 127 

foutain pen 53 

freezing of foodstuffs 117 

friction in machines 119 

fruit, horticulture (Mitchurin) 138 

fuels see briquettes, burner, coal, 
coal firing, coke, coke furnace gas 
firing, coke heap, coking furnace, 
conversion of coal into gas, cracking 
of crude oil, crude oil, distillation, 
firing, gas, gas distribution, gas 
works, gun powder, kerosene, lignite, 
oil cracking, of] deposits, oil pipeline, 
oil rafinery, petrol, powder fuel, 
regenerative 

fuller steam 85 

— water drive 34 

furnace 

— annular, brick 99 

— blast, coke In Bohemia 94 

— blast, hot blast stove (also see 
heater) 90, 92 

— blast, Iron production 50, 55 

— blast, iron production, coke fired 
60, 83 

— blast, fron production, experiments 
34, 41 

— blast, oxygen enrichment 137 
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blast, steam blasting 156 
ceramic 18 

clay for baking 18 

coking 74, 88 

electric arc 95, 135 

electric arc for steel] 115 
electric for the manufacture 

of synthetic carborundum 128 
electric Kjéllin 132, 134 
electric 150 tons 165 

electric resistance 131, 135 
electric Stasson 132 

electric 200 tons 167 

glass, coal fired 51 

glass, regenerative 104 

glass, with grate 50 

iron production, reduction, low 23, 29, 
31 

— metallurgical 18, 22 . 
— open hearth, alkaline 116, 117 
— open hearth, duplex process 119 
— open hearth, fired by gas works gas 
139 

open hearth, for the production 
of steel 107, 167 

open hearth in Bohemia 113 
potter's 18 

puddling 74 

puddling in Bohemia 91 
regenerative 103 

reverberatory (lead, copper) 58 
solar 186 

steel, rotary 165 

ventilation in mining 59 
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galvanic coating 95 

galvanoplastics 95 

gangway 15, 16 

garnet, Bohemian 41 

gas see lighting gas 

— blast furnace 92, 157 

— coke 88 

— coke for open hearth furnace 139 
— oxygen-acetylene 132 

gas works, central distribution 118 
— in London 82 

— underground 159 

gauge, railway, standard 89 

gear, differential 88 

— cog 32 

gearbox, automobile 150 

belt 44 

crank 72 

gear (also see gearing) 28, 28, 29 
hydraulic 141 

rope 44 

step-up gear 35 

synchronized 150 


gearbox — see transmission box 
gearing 26, 28, 29 
— machine cutting 112 


generator 

DC current, see dynamo 
electric, DC 108 

electric with brushes 119 

500 kVA by Kolben 138 

gas, automobile 154 

gas fired 170 

induction, three-phase 122, 125 
induction, two-phase 122 
isotopic 170 

quantum, molecule 163 
thermoelectric, semi-conductors 150 


germanium as a semi-conductor 159 
gild trade 34 

gilds in feudalism 34 

gimbal] suspension (also see coupling) 28 


glass, agate 84 

— blown 29 

Calcium-potassium 40, 56 

casting in moulds 21 

colour 32 

crystal 40, 52, 56 

cut 50 

glazing 29, 40 

hyalite 84 

jewellery 61 

machine production 132 

optical, factory production 122, 123 

origins of production 21 

porous, absorption 152 

pressed 114 

ruby 57 

sheet 29, 40 

ultrasonic machining 166 

water 88 

glass making see blowing, bottle, 
crystal, glass, glass composition, 
glazing, hyalite, jewellery, literature 
about glass, lithyaline, mirror, mirror 
casting, mirror plate, regenerative 
heating, spheres, ultrasound in glass 
machining, window glazing 32, 48, 51, 
58 

— Bohemian 40, 50, 69, 84 

— regenerative heating 104 

— Venetian 36, 52 


glass vessel 32 

glazing, yellow 84 

glider 125, 133 

globe, of the Earth 44 

— stellar 30 

gold amalgamation 31 

— cyaniding 123 

— in Bohemla and tn Slovakia 37, 38 
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— products 20 

— Roman extraction 29 
— separation 38 

— technology 96, 98 


gold beating 22 

governor, centrifugal 75 
grain crusher 28, 44 
grains storage 17 
gramophone 115, 123 
granade 40 

grape vine in Bohemia 36 
graphite, synthetic 128 
gravure printing 115, 125 


griding, centreless 144 ‘ 
— of stone 18 

eriding disc 23 

— carborundum 122 

— of stone 18 

griding machine 107 

— with treadle 44 
grosch, of Prague 38 
quide wheel, turbine 100 
gun with wheels 46 

— breech loader 44 

— cast steel 99 

— compressed alr 27 
— gun powder 39, 40 
— multi-barrel 40 

— steel 104, 119 


guttapercha 98 
gyroplane 141 


half-hose weaving machine 49 
hammer 17 


hand tools see adjustable spanner, adze, 
awl, axe, blade, bone as an implement, 
bow, bow drill, cramp, chipping, 
chipping industry, chipping technique, 
chisel, chopper, chord, drill, drill bit, 
edge, file, fish hook, forceps, grater, 
graver, griding, griding disc, griding 
industry, griding machine, hammer, 
hand working, handle, boe, hunt, 
implements, knife, knocking technique, 
ladder, lever, lever scales, mason’s 
level, material working, pickaxe, 
plane, plummet, pulley, pulley block, 
razor blades, reamer, retouch, 
retoucher, retouching technique, rope, 
saw, scissors, scratcher, screen, 
scythe, shovel, sledge, slicer, spear 
head, stone polishing, striker, 
striking, tanning, tongs, vice, water 
level, wedge, windlass 

— bone 11, 13 
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bronz 22 

copper 18, 19 

hunting 11 

fron, by casting 27 

obsidian 14 

specialized 14 

stone 11, 12, 13, 19, 23 

welded 32 

working 22 

working from carbide tungsten 148 

handicraft work, origins 19, 21 

handle 14, 17 

hard rubber, caoutchouc 101 

hardening of metals surface, high 
frequency 155 

harnessing yoke 21, 23, 28, 30 

harpoon 14 

harrows for field cultivation 33 

hauling nets 15 

head lamps, automobile 143, 147 

heap, coke 50 

heating 

heating by pitcoal 37 

— central by hot water 61 

central from heat plant 115 

central, hot air 29, 66 

coke plant gas 88 

regenerative 103 


regenerative in steel furnace 107 
steam 54, 61, 87 


heating furnace 23 
helicopter 139, 141, 154, 168 
heliogravure 88, 115 
heliorocketplane 151 

hide clothing 13, 14 
hieroglyphs 21 

hire cab 76 

hobber 


hoe, bronz 23 
— stone 17, 19 


hoist, pulley 26 


cesee eae 


— with pulley block and treadle wheel 


29 
— with treadle wheel 29 


holography 155 

honey (for sweeting} 

hops 31, 33 

horn, automobile, electric 145 
horn (as raw material) 

horn hoe 14 


horse, domestication 21 
— as a drawing animal 23, 28, 30, 34 
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horse capstan 26, 28, 35 
— mining 45 

horse collar in China 30 
— in Europe 32 

horse harness 28, 30 

— animal harness 21 
horse harnessing in China 28, 30 
— drawing animals 21 

— for horse teams 34 

— In Europe 32 

horse shoe 32 

housing of cattle 52 
hovercraft 167 

hunt 11, 15, 16, 17 

hut 14 

hyalite (glass) 84 
hydraulic ram 79 
hydrometallurgy, of gold 98 


hydropower station, see water power 
station 


Ice, artificial 52 

ice breaker, atomic Lenin 165, 166 
—— steam 82 

iconoscope, television 147 

— television, Soviet 153 


igniter, electric 85 
— mercury fulminate 109 
— powder 86 


Ignition, battery of cars 146 

-— fire tube 120 

— flame 88% 

— magnetoelectric, combustion engines 
83, 105, 113, 121, 123, 129, 132, 135 

implements, harvesting 17 

— agricultural, large-scale production 
79 

— fron 24 

{ndigo in dyeing 24, 51, 71 

— sulphonation 65 

— synthetic production 115, 131 

Induction, electromagnetic 78, 91, 108, 
109 

{ndustry, chemical 

agricultural machines 84, 90 

cosmetics 140 

factory 117 

foodstuffs 143 

prerequisites 75 

preservation {also see preservation 

of foodstuffs) 78 

— refrigerating 93 


industry, griding 18 
— chipping 12, 13 


information, technical 48 


ingot, continuous casting 159 
— 100 tons 151 
— pressure solidification 134 


ink, alizarine 103 


institute, steel 145 
— research of the Skoda works 145 


instrument, astronomical 28, 51, 79 

— breathing apparatus 142 

— distillation, colum 81 

— Nquifted air 112 

— Marconi-Stille (magnetic recording] 
153 

— photographic camera Leica 143 

— surveying 79 


instruments, scientific — see aerometer, 
astrarium, astrolabe, astronomic 
instrument, astronomy, atmospheric 
pressure, atomistics, barometer, 
bathyscaph, Geissler tube, laboratory, 
laser, magnet, magnetic needle, 
maser, microscales, microscope, 
optics, pendulum, planetarium, 
planimeter, polarograph, pressure 
gauge, quadrant, quantum amplifier, 
radar, radiotelescope, seismograph, 
slide rule, telescope, thermometer, 
ultramicroscope, ultrasound, vacuum 
pum 

Insulator, electrical 140 


interchangeable parts 75, 80, 93, 96 
— for automobiles 135 


interchanging of parts 75 
interferometer, polarizing 152 


fron, forgeable 23, 30, 41, 68, 74, 82, 91 
— and magnetism 25 

— cast 27, 64 

— direct production 23, 26, 29, 31 
— in architecture 70, 79, 85 

— melting by coke 60, 63 

— melting by pitcoal 51, 60 

— meteorites products 21 

— origins in Bohemia 26, 41 

— origins in Europe 23 

— pig 34, 41, 69, 74, 79, 91 

— pig, refining 103, 107 

— puddle 29, 74, 79 

— zinc plating in red heat 65 


iron manufacture see acid Bessemer 
process, alkaline process, bellows, 
blast preheating, block, bloomary 
furnace, blower, blowing, 
cast iron, casting, coal, coke, 
converter, converter process, cupola 
furnace, dephosphorizing, 
desulphurizing, die casting machine, 
drawing dies, drawing of tubes, 


drop hammer, duplex process, 
electric steel, forging, forging press, 
foundry, foundry shop, furnace 
sheet metal, hammer, heater, heating 
furnace, heating regenerative, ingot, 
ingot solidification hardening, fron, 
fron alloy, fron construction, iron 
manufacture, iron rolling, iron 
woeks, melting, alkaline converter 
process, mould, moulding of tubes, 
ore reduction, press for ingot 
solidification, pressing, puddling, 
quenching, refining, refining hearth, 
reinforced concrete, rolling mill, 
rolling stand, rope, scrap, sheet 
hammer, sheet roling, slag, smithing, 
steel, steel institute, tempering, tube, 
tube rolling, welding, wire, 
wire rolling, zinc plating 

— Celtic 29 

— in general 41, 49, 59, 60, 63, 74 

— Slavonic 31, 32 

fron, pressing 41 

— electric 124 

iron works at Kladno 101, 113, 116, 124 

— at Vitkovice 90, 94, 101, 108, 119, 123, 
151 

irrigation, artificial 19, 20, 25 

— by water wheels 42 


fsotope of uranium 155 


jacquard 81 
Jet see jet propulsion 
ewellery, production 21 


Katyusha (rocket launcher) 159 
keel 36 

Kenelly-Heaviaside layer 136 
kerosene 31 

— industry 104 

kilogram (unit) 80 

kindler 15 


kinesiscope by Purkyné 97 
— Edison 127 

knife, stone 13, 14, 17, 23 
— mowing blade 17 

— with steel edge 32 


knitting, machine 49, 107 


laboratory, chemical 133 

— research 116, 117, 133 

lace 48 

ladder, rung 24 

ladle 44 

lamp, acetylene In lighthouses 142 
— arc 110 
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arc, differential 115 

arc, KtiZzfk 115 

arc, Yablotchkov 114 

electric arc, origins 82, 98 

kerosene 102 

mining, electrical 130 

mining, safety 25 

neon 140 

oil 66, 67, 72, 74, 102 

lamp cylinder 44, 66, 67 

lamp, gas, Bunsen (also see burner) 
101 

— ofl lamp 32 

land surveying (also sce cartography) 
see atlas, diopter, distance meter, 
English inch, globe, land surveying 
instrument, levelling, levelling staff, 
map mensula Praetoriana, map 
projection, mason’s level, measures, 
meter, metric system, register, 
theodolite, triangulation, water level 

land register 75 

landau 60 


large-scale mass production 142 
laser 167 

— prerequisites 163 

latch of lock 22 


laterna magica with lens 53 

—- magica, stroboscopic 98 
lathe 22 

automatic 108 

automatic, multi-spindle 129 
carriage, modern 78, 79 
carriage, predecessors 44, 61 
copying 86 

photoelectric cell 158 
spindle 48, 59 

treadle wheel 37, 40 

turret 103 

turret, vertical 96 

valve 162 

water drive 40 

law, patent 52 

law, traffic 106 

— anti-automobile 153 

— flag, traffic 108, 129 
leather 15, 19 

— artificial 108 

legumens 34 

Leica 143 

Leitenbergine 94 

lens, electric 154 

— electron 148 

— magnetic 154 

— optical, ground 25, 33, 48, 50, 54, 57 
lentils (plant) 17 
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letterpress 45, 57, 62, 78 

— autotypy 101 

— Gutenberg 43 

— in Bohemia 43, 47 

— large-scale production 84 

— origins in Asia 40 

— predecessors 31, 33 

letterpress types 40 

levelling by water 20 

levelling staff 20 

lever 15 

Leyden jar, electric G5 

lift, safety 102 

— house 56 

— electric 117 

lighter, petro] 134 

lighthouse on the Faru island 27 

lighting, see bulb, burner, candle 

paraffin, candle Tallow, carbon 

regulator, cerium oxide, discharge 

lamp, electrotechnology, fluorescent 

lamp, kerosene, kindler, lamp, lamp 

cylinder, lighthouse, mantle (gas), 

neon, neon tube, rape seed oil, 

stearine, candle, thorium oxide, 

torch, wax 

electric 82, 114, 118 

electric in Bohemia 82, 114, 118 

gas, Auer mantle 122 

kerosene 102, 104, 123 

lighting gas 76, 77, 82, 117, 

mining 85 

origins — street, origins 15, 44, 66, 

67, 82 

lighting gas 58, 76, 77, 82, 117 

— burner, regenerative 117 

— fuel 88, 104, 105, 107, 114 

— lamp 101 

lightning rod 12, 13 

line, assembly for automobiles 142 

— conveyer belt 107 

— production, automatic 146, 158, 162, 
184 

— production, automatic, in USSR 161, 
162 

— telegraph 92, 94, 95, 97, 110 

— telegraph, overseas 100 

— telephone, automatic 145 

linoleum 98 

linotype, printing 120 

liquified air 112 

literature, agriculture 47, 

— beer brewing 49, 77, 99 

— chemistry 50, 97, 99 

— cosmonautics (see rockets, 
prerequisites) 
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cybernetic 160, 162 
electrotechnology 111, 117 
engineering 119 

glass making 48, 62 
hydraulics 64 


plaid 


111, 115 

mining 47, 48, 71 
rocket technology 154 
technical, Arab 33 


technical, classical 28, 29, 30 


technical, printed, oldest 43 
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79 
lithyaline 84 
litography 75, 78, 117 
loader, hay 114 
— coal 146 
— hydraulic tractor 158 
— mechanical in mining 136 


lock 

cylinder 121 
flint 51 

fuse 43 

in armament 43 
latch 22 
padlock 40 
percussion 90 
safety 72, 78 
safety, cylinder 99 
tinder 43 

wheel 43 


locomobile, steam 92, 103 


locomotive, dieselelectric 147, 153 
— electric 116, 129, 136 

— electric in mines 119 

— electric, Kiiz{k 136 

— electric 20000 kW 153 

— for superheated steam 132 

— steam campound 114 

steam, express 101, 126 

steam, origins 82 

— steam, Stephenson 85 

— turbine 147, 159, 165, 167 

— wheels in cast steel 121 

— with petrol I. C. engine 128 


longwall mining 16 


loom, automatic 128 

— automatic, shuttleless 155 
damasc 35 

horizontal 18 

horizontal in Europe 43 

in general 46, 49 

jacquard 81 

mechanical 49, 74, 88 
mechanical, predecessors 57, 64 


metallurgy 47, 48, 49, 63, 68, 98, 


technical, Baroque 53, 56, 62, 64, 67 
technical, medleval 33, 35, 37, 40, 41 


technical, Rennaisance 41, 42, 43, 47, 


pattern 30, 62 
treadle whee) in China 30 
with shuttle 63 


loom harness 30 
lucerne 51, 72 
Lunokhod 172 


machine 
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binding reaper 115 
calculating 112, 115 
Calculating, addition 54 
calculating, algebraic equations 140 
calculating, differentia! 92, 93, 141, 
148, 153, 160 

calculating, multiplication 70 
calculating, raising to power 87 
Cigarette production 114 
construction 156 

cotton gin 77 

cutting for iron 48, 60 

die casting 182 

drawing 64, 71 

drill seeding 60 

drilling in mining 117 
dynamoelectric {also see dynamo) 
105 

fire, see steam engine 

gear cutting, automatic 112 
graduation 56 

hot air 93 

hydraulic 28 

knitting 49, 107 
magnetoelectric 91, 92, 98 
magnetoelectric with circular 
armature 105 

mining 45 

mining, electric 135 

mining, steam &0 

mowing, Celtic 29 

mowing, modern 72, 90 

pin pressing 57 

piston 24 

planing 81, 85 

pneumatic 28, 29 

pneumatic, in mining 67 
potatoe planter 160 

printing 94 

programme controlled 194 
punch card 145 

punch card (Hollerith} 125 
reeling 39 

refrigerating, ammonia 112 
refrigerating, ether 93 
refrigerating, pneumatic 105 
ring spinning 90 

roller printing 72, 93 

setting 88, 98, 113 

setting, automatic 110 
setting, Iinotype 120 
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— setting, monotype 111 

— sewing, factory production 101, 111 
— sewing, origins 76, 91, 92 

— sewing with shuttle 99 

— slubbing 71 

— sowing 60, 73, 74 

— spinning for flax 84 

— spinning in Bohemia 76 

— spinning jenny 68 

— spinning mull 72, 89 

— spinning, origins 64 

— spinning, prerequisites 44, 63, 68 
— spinning, self-actor 89, 93 

— spinning water frame 70 


— steam atmospheric 58, 59, 60, 61, 62, 
63, 64 


— steam, compound 8&0 

— steam distribution systems 100 

— steam, high-pressure 73, 74, 80, 93 
— steam, high-pressure in transport 81 
— steam in Bohemia 83, 84, 85 


— steam, in general {also see steam 
distribution) 75, 80, 85 


— steam in mining 80 
— steam in Slovakia 62 


— steam, predecessors 28, 51, 54, 55, 
58, 59, 61 


— steam, superheated 128 

— steam, Watt's 69, 71, 73, 80, 83, 120 
— stone throwing 27 

— thread cutting 97 

— turning, automatic 143 

— typewriter 101, 109 

— typewriter, predecessors 61 

— war 28 

— war, throwing 26, 29 

— water column 59, 63, 65 
machine gun 

—~ Maxim's 119 

macromolecules, research 148 
magazine (rifle) 121 

magnesium by sea water electrolysis 159 
magnet (also see compass) 

— permanent 91 

magnetic tape, sound recording 149 
magnetism 87 

magnetic needle 87 

magnetophone, prerequisites 133 
magnetron 158 ‘ 

mail box 55 

majolica 36 


208 


Maltese cross in cinematography 127 
man lands on the Moon 172 


man emerges and floats in cosmic 
space 171 

man-made fibres 154, 157, 159, 162, 163 

mangle 39 

manned flight over a ballistic curve 168 

— cosmic (theory) 147 

-—— cosmic, suggestions 126, 137, 145, 
148, 153 

— group 169 

— joint Soyuz-Apollo 

manometer 55 

mantle, gas lamp by Auer 122 

manufacture, concentrated 54 

— colton 63, 68 

— development 54 

— dispersed 46 

— drapery 61 

— fron 49 

— origins 36, 46 

— silk 67 

— with water drive 51 

map 

— Bohemia and Moravia 62 

— of the Earth 25 

— of the world 46, 48 

— on clay tablets 23 

margarine 110 

maser (generator) 163 

mason’s level 27 

mat 17 

mat, weaving 17 

matches 66 

— safety 100 

material, insulating 110, 164 

— writing 23 

materials artificial, synthetic, 

see synthetic materials 

matrix for letterpress 62 

mattress 86, 88 

— wire 88 


mauvein, dye 103 

mead 33 

meadow 52 

measuring of radiation 161 

measuring of time (clock-making), 
see astronomical clock, chronometer, 
clock, differential gear, escapement, 
metronome, oscillator, pendulum, 


standard time, stone bearing, stop 
waich, torsional pendulum 22, 55 


mechanical pulp 98 


mechanization 49 

— In mining 100, 102, 159 
mechanizm, cam 32 
melting of bronz 23 

— copper from ore 19 

— iron by coke 60, 63 
mensula Praetoriana 50 


mercury fulminate 80 
— fulminate, igniter 109 


metal by reduction of ores 19 
metal hardness scale (Brinell) 133, 134 
metal means of payment 24 


metallurgy see affinage, air blower, 
aluminium, amalgamation, assaying, 
beating, bell, bellows, blower, bronz, 
Bronz Age, bronz wire, casting, 
copper, cyaniding, defectoscopy of 
metals, duralumin, electron, furnace, 
forging, foundry, foundryman’s work, 
galvanic plating, gold, gold beating, 
gold foil, hydrometallurgy, fron 
manufacture, lead, literature of 
metallurgy, melting, metal, metal 
hardening, metal hardness scale, 
metallurgy, mines, mining, ore 
crushing, ore crushing stamp, 
ore dressing, ore processing, 
ore reduction, patioprocess, platinum 
segregation of silver, silver, steet 
metal, tin, titanfum, tungsten, 
welding, zinc, zinc plating 

— copper 19 

— gold 96, 98 

— powder 90 

— scientific 66, 68, 75, 108 


metallurgy 15, 19, 20, 21, 26, 41, 47 
— of tron, see fron metallurgy 
metallurgy, bronz 22 

— copper 20 

metallurgy, gray cast fron 79 

— iron 20, 27 

meter (unit) 80 


method electric, resistance for tracing 
of raw materials 150 

— seismometric for tracing of raw 
materials 149 


methylalcohol, industrial production 146 
metro Paris 133 

metronome 86 

micrometer 91 

microminiaturization 169 


microphone 115 
— in telephone 106 


microscales 141 


microscope 25, 50, 57 
— electron 152, 153, 157 
— combined 157 


milking machine 106 


mill, hand, kitchen 46 
— rotary, hand 25 
— friction, hand 16, 17 


mill, steam, automatic 118 

— roller, steam 93 

— tidal 33 

— water (see water wheel) 28, 32 
— water In Bohemia 35 

— wind 29, 32, 45, 46 

— wind in Bohemia 32, 37 

— wind in China 31 

— wind in Europe 32 

— wind, revolving 39, 65 

— wind with adjustable vanes 83 


millet 20, 39 
milling 105 


milling machine 117 
— mechanical 86 
— universal 105 


millstone milling 28 
mine, electric 85 


— blast 42 

mine tub 41 

mine working, mechanical 68 
crosscut 59, 668 

fire working 20, 45 
hydromechanical 143, 156, 158 
open cast mine 15 

overhand 59 

pillar and chamber face working 133 
propagation 45 

single entry room and pillar 59 
working 59 

— underground mine 15 

— underhand 45 


mines, depth record 41 
— flooding 59 
— In the region of Kladno, origins 99 


mines, Roman 29 

— silver 26 

mining see adit, blast works, breathing 
apparatus, briquettes, caisson, 
chisel, coal, coal cutting machine, 
coal cutter, coal extraction, coal 
firing, coke, compressed air in 
mining, conversion of coal into gas, 
conveyer belt, copper, crude oil, 
cutter loader, drilling machine, 
driving, electricity room and pillar 
face working, extraction of raw 
materials, fire for working, gangway, 
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gold, graphite, gun powder in mining, 
horse capstan, lignite, loader, 
longwall mining, mechanization in 
mining, mine drilling machine, mine 
lamp, mine lighting, mine pond, 
mine windlass, mines, mining, 
mining literature, mining locomolive, 
mining mechanism, mining schools, 
mining techniques, obsidtan, oil field 
drilling, order of mining, ore 
crushing, ore dressing, pit, placing, 
pneumatic drive, pneumatic machine, 
powder pick, pump, pumping, rock 
blasting, rock drilling, room and 
pillar working, salt (mining), shaft, 
shaft drilling, silver, sledge, stamp, 
steam engine, steam working, 
sweeps, torpedo drilling, tub, tubs, 
ventilating furnace, ventilator, 
water-column machine, windlass, 
working 15, 20, 24, 26, 41, 45, 49, 80 

— blast works 53 

— feudal in Bohemia 37, 38, 45, 47 

— in Central Europe 23 

— mechanization 121 


mining in Bohemia, orlgtns 37, 41 
— of copper ores 20, 21 


mining of coal, steam 85 


minting see bars of metal, coins, 
ducat, gold, grosch, means of 
payment, silver, talent 

— in Bohemia 38 


mirror, polished bronz 28 
— cast 58 

— glass 28 

— lead layer 37 

— obsidian 19 

mirror plate, casting 58 
modulated oscillations 137 
monoplane 143 

monotype, printing 11 
montgolfier 73, 79 

Morse alphabet 97 

mortar 42, 64 

mortars for grain crushing 16 
motor, Diesel 128 

— diesel, automobile 152 
diesel, marine 135, 151 
electromagnetic 94 
explosion, gun powder 57 


explosion, predecessors 57 
hot air 93 

I. C. blast furnace gas 158 

I. C. four stroke 106, 113, 125 
I. C. gas 83, 88, 105, 109, 114 
I. C. gas, marine 95, 110, 111 
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I. C. in general 105, 123, 132, 139 

I. C. motorcycle 129 

I. C. ofl, predecessors 123, 128 

I. C. petrol 107, 114, 120, 121, 124, 128 

I. C. tractor 126 

jet, aircraft 147, 156, 159 

jet (rocket) 142, 171 

jet {rocket) theory 151 

turbopropeller, aircraft 143, 157 

turboreactive 140 

water, theory 64 

with rotary piston (Wankel) 170 

motorcycle, Czech 132 

— four stroke, two-cylinder 129 

— Jawa 150 

— petrol by Daimler 120 

motorway 148 

moulding of iron tubes 67 

multi-engine aircraft 

multiplication, machine 70 

Miselon in Alexandria 27 

museum, of technology, in Paris 79 

navigation of rivers 36 

needle, sewing 14, 23 

neon 140 

— tube 104 

network, electric distribution unified 148 

— road (also see roads) 23, 25, 29 

nitre 38, 42, 51 

nitrocellulose 99, 121 

— ballistite 123 

nitrogen, made from air by electric arc 
136 

nitroglycerine 99, 102, 109, 123 

Nnonius 53 

nuclide 161 

numerals 21 

nut, hexagonal 47 

nylon 154 


objective anastigmatic 96 
— achromatic, telescopes 67 
— three-lens 96 


obsidian 14 

ofl deposits 102, 104 

orbit manned flight 168 

order of mining in Bohemia 38 

ore crushing 26, 44 

ore dressing 44 

ore processing, electromagnetic 148 
organ, water 27 


organization of technica! work and 
production see academy, artisan 
production, automatic line, collective 
production, colonization, conveyer 
belt line, craft gilds, division 
of labour, factory, factory industry, 
factory production, gilds, guild 
production, handicrafts, industrial 
revolution, kilogram as a unit, 
laboratory, large-scale production, 
line production, manufacture, 
manufacture of tools, manufacture 
production, measures, mechanization, 
metric system specialization, patent 
law, picking, production line, 
scientific engineering, scientific 
societies, speech, standardization, 
system of factory production, 
taylorism, team research work, 
technical information, technica] 
patents, Unity for the encouragement 
of industry, 

— factory of labour 70 

— labour, origins 20, 42 

— labour, scientific 137 


orlon 162 


oscillator 130, 143 
— torsional pendulum 55 


overruning clutch 134 
overshot wheel 38 


oxide, cerium 122 
— thorium 122 


paddle wheels 30, 51, 64, 76, 81 
— with adjustable paddles 83 
paper in Europe 34, 47, 54 

— hemp in China 30 

— large-scale production 112 
~—— mechanical pulp 98 

— photographic 96 

— silk in China 30 


paper, tar 77 

papyrus 21 

parachute 79, 143 

parachute, double 125 
parachute, suggestion 44 
paraffin for candles 95 
parchment for writting 23, 34 
pasteurization of wine 108 
pasturing 22 

patents, technical 52 
patioprocess, amalgamation 47 
pearls, glass 21 

peas 17, 29, 39 

pelton wheel 120 


pencil 48 

— with adjustable graphite core 88 

— factory production 78 

pendulum 53, 55 

peniciline 161 

periscope, ship’s 53 

— ground 53 

perlon 156 

perrotine 93 

perspective In architecture 41 

petrol, octane number scale 149 

— synthetic, at low pressures 147 

— synthetic by hydrogenation 146 

— synthetic from brown coal 143, 153 

phenolic plastics 142 

phonograph, cylinder 114, 123 

phosphorus 51, 66 

— red (matches) 100 

photocamera 99 

photocell 112, 113, 124, 128, 133 

photoeffect 124 

photoelectric cell 128 

— use in Industry 158 

photographic plate 99 

— photographic, glass 101 

— photographic, with gelatine emulsion 
111 

photography, see camera, collodion, 
Collodion wet process, daguerreotypy, 
emulsion, film, fix, laterna magica, 
Leica, photo rifle, photographic 
apparatus, photographic paper, 
photographic plate, stiver chloride, 
silver fodide, slot shutter 

— colour by light interference 127 

— infrared rays 114 

prerequisites 33, 86, 96, 99 

series 111, 112, 117, 123, 127 

telegraphic transmission 137 

— the Moon 170 

— wet process 101 

pickaxe, fron 24 

picking 11 

picture writing 21 

pillar and chamber face working 133 

pin 57 

piping, oil 127 

— compresed air 58 

— lead, water supply 49 

pistol 43 

— automatic, Browning 133 

piston 24, 57, 58, 59, 60, 61 

pit, mining 15 

— to trap animals 13 


11] 
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nitch 57 

pitch shaft 37 

pivot, steering 86 

placing of gold in Bohemia 37 

— gold in Russia 85 

plane 29 

planetarium 39 

planimeter 102 

planing machine 81, 85 

plaster (fertilizer) 76 

plastic [man-made fibres) see bakellite, 
caprolactan, catalytic synthesis, 
cellophane, celluloid, diene synthesis, 
enant, ethylene, man-made fibres, 
nylon, orlon, perlon, phenolic 
plastics, polyethylene, polymeres, 
polymerization, silon, spinning 
of polyesters, synthetic resin, 
vulcanized rubber 

— catalytic synthesis 158 
plastic 103, 110, 142, 150, 158 

platform, inclined 22 

platinum, powder 90 

playing record 123 

playing record, electrical recording 147 

plough 19 

plough, primitive 19 

— engine powered 137 

— heavy 28 

— horse-drawn 32 

— multi-share 48 

— with spur and wheels 29, 31, 34 

plough share, asymmetrical] 31 

— symetrical, fron 29, 31 

Plywood 23 

polarograph 147 

— prerequisites 146 

polishing, stone 18 

nolyethylene 15 

— normal pressure production 164 

polygraphy, see alphabet, autotypy, 
callotype, casting of characters, 
copper plate gravure, duplication, 
gravure printing, heliogravure, high 
speed press, interchangeable 
characters, letterpress printing, 
linotype, litography, matrix, 
monotype, offset, offset printing, 
paper, papers printing, planographic 
printing, press, printing, printing 
house, printing by interchangeable 
characters, raster, rotary, screen, 
setting machine, stereotypes types 
for letter press polymerization, 
wood block printing, wood engraving, 
wood print, writing technique 148, 
163 
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polymeres 150 

polytechnical school In Prague 82, 83, 
97 

— in Paris 77 


pond, mines 59, 63 

— RoZzmberk 47 

pond construction in Bohemia 39, 47 
porcelain, Chinese 31, 43 
— Bohemia 77 

— in Europe 43, 60 

— Meissen 60 

post, courier 25 

— in Europe 46, 52, 55, 57 
— pneumatic 119 

postal cancellation 55 
postal stamp 55 
potassium 82 


potatoe digger 132 

— harvester 160 

— planter 160 

potatoes, propagation 66 

— for spirit 75 

— in Bohemia 80 

— in Europe 46 

potter's wheel, rotary 20 

pottery 15, 18, 20, 36 

pouring see casting 

powder, smokelles, ballistite 123 

— gun, as fuel 57 

— gun, smokelles 107 

— gun, in Bohemia 42 

— gun, in Europe 35, 39, 42, 45, 50, 53, 
57 


— gun, in mining 53 
powder fuel for rockets 145 
power pick 100 


power station, atomic in Norway 167 
— atomic, portable 169 

— atomic, prerequisites 160 

— atomic in the UK 165, 170 

— atomic in the USA 165, 167 

— atomic in the USSR 164, 166 
— automatic 162 

— in Bohemia 123 

-—- in London 125 

— Prague 125 

— steam 118, 120 

— steam, automatic 143 

— steam, peat-fired 143 

— tidal 171 

— water, automatic 144 

— water, at the Niagara Falls 130 
-— water for railway 119 

— water in the USSR 168 

— water, origins 118, 120 

— utilization 118, 119 


praxinoscope, projection 124 


preservation of foodstuffs 78, 84, 108 

— leather 14 

press fasteners 122 

press, forging 

for ingot solidification 134 

forging 100, 151 

hydraulic 54, 78, 100 

iron 60, 99 

lever 23, 28 

paper 34 

printing 43, 47 

printing, all metal 79 

printing, textile 

spindle for wine 28, 34, 43 

pressings from sintered fron 151 

pressure, atmospheric 54, 55, 57, 58, 61 

— steam, experiments 52, 53 

pressure gauge 54, 55 

pressure solidification of ingots 134 

principle, dynamoelectric 108, 109 

printing house 45 

printing, wood print 31 

— fabrics 28, 33, 51, 72, 76, 93 

printing of fabrics, see fabrics printing 

printing of newspapers in Bohemia 55 

— by interchangeable characters 33, 39 

— offset 117 

— planographic 78, 117 

probe to Jupiter 173 

— Mars 169, 170, 172 

— Mercur 173 

— Moon 170, 171 

-~ Venus 168, 171 

process, alkaline converter, 
predecessors 111 

— converter 103 

— cyanide 98 

— awet, collodion in photography 101 

-—— duplex in steel manufacture 116, 119 

production, automatic of automobiles 
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armament 42, 50 

artisan 23, 26 

collective 26 

factory, origins 70 

factory, prerequisites 54 

foodstuffs 42 

gild 34 

line 93, 107 

manufacture (see manufactures) 36 

mass 57, 75 

tools 11 

programming of machines 158 

project OZMA (contacts with cosmic 
civilizations) 168 
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projection, map 48 

projector, cinematographic 128, 129 
propeller, atrcraft 118, 142 

— water (see ship’s propeller) 67, 75, 81 
puddling of iron 74 

pulley 24, 36 

pulley block 27, 29 


— centrifugal 44, 58, 94 

— hydraulic ram 79 

— mine, reciprocal 42, 45, 46 
— piston in mining 24, 41 

— pneumatic 58 

— pressure 27, 45 

— steam 55, 59 

— suction, built-up 47 

— windlass 27 

— with buckets and pulleys 20 
pumping of water 24, 25, 27, 59, 60 
punched cards 81 

pyramldes in Egypt 22 


pyroleophor (boat) 83 


quadrant, astronomical 25 
quenching of tron 32 


radar {mn anti-aircraft protection 157 
— in aviation 155 

— in magnetron 158 

— predecessors 152, 154 

radiator, ribbed 87 

radio, see broadcasting 

— car 149 

rad{o, crystal detector 135 

— first lon distance transmissions 139 
— predecessors 114, 134, 137 

— regular broadcasting 145 

radio direction finding 139 

radio transmission, short waves 146, 147 
— regular 145 

— television, commercial 159 

— television regular 150, 155 
radioactivity, artificial 154 
radioisotopes 154 

radiolaboratory 145 

radionuclide 161 

radiophony see broadcasting 
radiophysis, quantum 163 

radiostation, see radio trasmitter 
radiotelegraphy, see wireless telegraph 
radiotelescope 161 

radium from uranite 141 

rafinery of sugar 75 

— ofl 104 
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rails 45 

— cast iron 64, 87 

— forgeable iron 82 

— iron 64, 82 

— rolled 87 

— sheeted 41, 61 

— wooden 41, 52, 61 

railway, electrified 118 

— factory railway siding 69, 79 
— metro in Paris 133 

— underground in London 106 

— underground in Moscow 155 
railway block system 97 


railways see block system rails, brake, 
electrification of railways, locomotive, 
railroad, railway gauge, railway car, 
semaphore, train, underground, 
wagon, wheels 

electric 118, 119 

electric in Bohemia 136 

horse in Bohemia 89 

horse in England 52, 81 

horse in Russia 83 

horse in Slovakia 97 

origins 64, 69, 79 

standard time 113 

steam in Bohemia 94, 95, 98, 112 
steam in factories 88 

steam in goods transport 89 

steam in passenger transport 91 
steam in Russia 94 

water drive 69 


raster, reproduction 101 
razor blade 23, 129 
razor blade for shaving 129 


reaction nuclear, artificial 152, 157, 160 
— thermonuclear 154, 163, 165, 166 
— Zinin's 97 


reactor, graphite 166 

— boiling for heavy water 167, 171 

— breeding 163, 169 

— nuclear 158, 160, 161, 171 

real schule 60 

reamer 18 

Tecording of record, electric 147 

— sound 153 

recording of sound, magnetic 133, 149, 
153 

— sound, optical 148 

rectifier, germanium 162 

— silicon 162 

reduction of ore in metallurgy 19, 22 

reeling of silk, mechanical 37 

reeling frame 

refining hearth 41 


refining of iron, see refining hearth, 
furnace 41 
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refrigeration, see artificial ice, 
freezing of foodstuffs, refrigerating 
industry, refrigerating machine, 
refrigerator, skating rink 93, 117 

— Nquified air 12 

refrigerator 77 

— compressor-less, absorption 146 

regulations, traffic 67 

regulator of carbons in arc lamps 110 

reinforced concrete 103, 109 

reproduction of sound and music 114 

research, atomic 158, 159, 161 

resin, synthetic 140 

retouch 14 

retoucher 14 

revolution, industrial, prerequisites 28, 
44, 58, 63, 69, 89 

— industrial, development 72, 73 

— industrial in Bohemia 76, 80, 112 

— agrarian, medieval 34 

— agrarian, modern 52 

— agrarian, primeval 16 

revolver 51 

— cylinder 93 

rifle 39 

— breech loader 49, 90 

— Flobert 98 

— photographic 117 

— repeating, Mauser 121 

— repreating, Remington 111 

— with lock 43, 45, 47, 51 

ring spinning machine 90 

river lock in Bohemia 62 

— in Europe 36, 44 

— single-gate in China 30 

— two-gate in China 32 

rivetting, pneumatic 124 

road roller, steam 108 

road, asphalt 100 

— rolling by steam 108 

— sprinkling, also see roads 86 

road, Emperor's 59 

— in China 23 

— in Persia 25 

— in the Roman Empire 29 

— paved 24 

rocket, cosmic 150, 166, 171 

— geophysical 166 

hybrid In USSR 153 

intercontinental 165, 167 

katyusha 195 

liquid fuel 145, 148, 160, 161 

liquid fuel In USSR 153 

medieval in China 35, 36 

military, predecessors 68, 83 

Saturn 169, 171 

solid fuel 152 


— theory of flight 131, 136, 137, 145, 
147, 154 

— V-2 160 

rocket launcher (katyusha) 159 

rolling of sealmless stee} tubes 112 

— block 73 

— iron 99 

— reversing 65 

— road 108 

— sheet 40, 76 

— stand 44, 49 

— tubes 76 

— wire 69 

rolling stand (also see rolling) 44, 45, 
78 

— rolling, universal 99 

room and pillar working 16 

rope 23 


rotary printer 86, 99 

— endless paper web 108 
rotor, turbogenerator 137 
rover, velocipede 116 
row boat 20, 21, 37, 486 
Royal Society 55 

rudder, aircraft 118 

— ship in China 31, 32 

— ship in Europe 36, 44, 60 
— wheel 60 

runner, turbine 100 

rye 38 


saccharin 116 

sail, ship's 20, 32, 44, 50 
sailing vessel 20, 21, 37, 46 
sal-ammontac 38, 63 

salt, mining in Slovakia 48 
saltpetre 42 


satellite, artificial Discoverer 167 
artificial Explorer 166 

artificial of the Moon 171 
artificial Sputnik 165 

artificial Vanguard 166 
communication Molniya 171 
Interkosmos with Czech instruments 
aboard 210 

Kosmos with scientific programme 
169 

synchronous 170 
telecommunication 167, 169 


satellite, synchronous (also see 
satellite} 170 


saturation in sugar mills 106 
— triple in sugar manufacture 122 


saw 23, 59 

— band 84 

— frame, with tron blade 26 
— steam 77 

— stone 14, 18 


scales 23 

— decimal 87 
— personal 62 
— table 56 


schools, artillery 46 

— agricultural 62, 72 

— engineering 60, 61, 65 

— mining 52, 61, 64 

— navigation 59 

-— real-schule 60 

-- technical, general 46, 48, 56, 77, 79 


scissors 26 

scraped iron 

screen 23 

screen, reproduction 23 


screw 28, 47 

— close-fit 87 

— conical 44 

— propeller 71, 87, 91, 95 
— ship's Ressel 90, 91 

— standardization 97 

— thread cutting 78, 93 


scythe 59 
— drawing in hammers 49 
— with steel edge 32 


segner wheel 68 
segregation of silver 35 
seismograph 30 

selenium, see selenium cell 
selenium cell 112, 113 


self-actor 89, 93 
— predecessors 72 


semaphore, ratlway 97 


sem! conductors experiments 146 
— germanium 159 


semlaxles, swinging for automobiles 153 
setting of fine (mining} 20, 45 
settlement, permanent 16 

sewer 22 


sewer, collecting 22 
— Golden 46 


sewing, machine, origins 67 
sewing by leather thongs 14 


— sinews 14 
shadoof (pump) 20 
shaft 15 


shank with a hok for cultivation of land 
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shearing machine 67 

sheet forge 45 

sheet metal 22 

— bronz 40, 47, 56 

— corrugated 118 

— fron, forged 45 

-— tron, rolled 40 

— tin plated 65, 75 

ship, atomic 167 

atomic, aircraft carrier 170 
armoured war ship 108 

engine propulsion, prediction 36 
for crude oi] transportation 127 
{ron 75 

space, Apollo, Moon landing 172 
space Gemini 171 

space Mercury 168, 169 

space multi-manned Voskhod 170 
space Soyuz 172 

space Vostok 167 

space Vostok, Gagarin 168 
steam, see steamer 

war ship, steam 83 

with diesel engine 135, 138, 142 
with jet propulsion 77 

whit paddle wheels 30, 51, 63, 64 
shooting of films 127, 128 

shovel, wooden with sheeting 24 
shuttle (loom) 63 

sickle 59 

— bronz 23 

— sith stone blade 16, 17 

silk in China 30 

— artificial, acetate 126 

— artificial, cellulose 121 

-— artificial, viscose process 126 

— throwing 37 

silon 159 


silver, extraction 26 

— in Bohemia and Slovakia 37, 46, 74 
— products 20 

— segregation 35 

silver chloride in photography 96 
silver fodide in photography 101 
siphon, sewer 87 

skating rink 114 


skyscraper 125, 131, 142, 152 
— with steel skeleton 120 


slag 19, 23 

sled (loom) 63 
sledge in mining 45 
sledge hammer 45 
sledges 14 


sleeping car 104 
— rope pulling 69 
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slicer 77 

slide rule 53 

slot shutter in photography 123 
slow match 43 

slubbing, mechanical 71 
smelting shop 31 

smithing 21, 32 


soan, soft 30 

— hard 64 

soap making 76 

society, scientific 48, 54 

— scientific in London 55 
— scientific in Paris 56 

— scientific in Petersburg 62 
— scientific in Prague 69, 70 
— scientific in Slovakia 75 
socket, bulb 118 

soda, industrial production 76 


— production by ammonia process 107 


sodium 82 
— industrial production 105 


sowing, machine 60 

space center at Baykonur 168 

spade, primitive 17 

spear, thrower 15 

— with burnt point 15 

specialized work 16 

spectacles 38 

spectroscopy, prerequisites 102 

speech, primary 11 

speed, supersonic 161 

spelt 17 

spheres 15 

spindle, flyer 44 

- spinning 18, 35, 39 

spinning, mechanical (see spinning 
machine) 39 

— organic yarn 18 

— spinning wheel 35, 44, 46, 51 

— with spinning wheel 35 


spinning shop, manufacture 68 
— mechanical 70, 90 

— steam 75 

— turbine driven 100 
spinning wheel 35, 44 

spinning wheel, combined 51 
— flyer 39, 44 

— flyer, treadle 46 

spirit 47 

— potatoe 91 

— wood, industrial production 146 
spoke wheel 23 


spoo! spinning of polyesters 159 
snoon 44 

spring (vehicle} 41, 56 

spring, helical 40 

sprinkling of roads 86 

squirrel cage, see treadle wheel 
staining dye 19 

stamp for ore crushing 44 

— paper mill 69 
standardization of parts 93, 96, 142, 143 
— bolt threads 97 

Star-oriented topography 22 
starter, electric, automobile 141 


station, filtration, water 29 
— orbital, sclentific 172, 173 


steam blower 69, 71 

— blast furnace with gas drive 157 
— cylinder 69 

— with water drive 34, 55 


steam hammer 73, 95, 99, 106 


steam navigation 63, 64, 83 
— in Bohemia 108 


steam rivetting machine 95 


steam vehicle 70, 74, 81, 87, 91 
— amphibious 83 

— in Bohemia 86 

— in Russia 85 


steamer, predecessors 63, 63, 75, 76 

all fron 88, 95 

Great Eastern 102 

overseas Voyages 86, 88, 90, 95, 98 
paddle wheel 81, 64 

paddle wheel in Bohemia 95, 97 
Ressel 91 

turbine 131 

with ship's propeller 95, 101 


stearine 89, 63 


steel 31 

alloyed 105, 113, 119 

bar 65 

case hardening 62 

cast 73, 95, 101, 103, 107, 115, 123, 
135 

chromium 105, 113, 119 
chromium nickel 142, 144 
continuous casting 156 
converter 111 

crucible 64, 104 
damascened 95 

duplex process 116 
high-speed 133, 135 

in ship butiding 103 

LD process 163 
Manganese 105, 119 
nickel 119 
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— overlaying of edges 32 
— research 108 

— stainless 141, 142 

— tool 111 

— tungsten 105, 111, 113 
— vanadium 111 


steering with swivel pins 132 
stereophony 162 

stereophony in printing 62 
sterilization, thermal 95 
stone chopper 12 

stone fortress 17 

stone grater 14 

stone scratcher 12, 14 
stonemills 26 

stoneware 31, 33 

stop watch 88 

storage 34 

stove, cast fron 43 

— coal fired 69 

— kitchen masonry 47 
striker 12 

striker (Implement) 14 
striking 13 

stroboscope 92, 97, 98, 127 
structure, fron in architecture 85 
structures, height records 124 
stuccoe 42 


submarine, origins 36, 44, 53 
— atomic 161, 164, 170 

— hand driven 71 

— in armies 126, 136 

— steam, propeller 81, 101 


sugar beet (see sugar mills) 65 
— sugar beet in Bohemia 76 


sugar beet mill in Bohemia 81, 84, 91 
— sugar beet mill in Germany 81 


sugar cane 38 
sugar made of sugar beet, origins 


of production 65, 81 
— sugar cane in India 31 


sugar manofacture, see agriculture, 
clarification, diffusion, filter press, 
foodstuffs production, rafinery, 
saccharin, saturation, sugar, sugar 
beet, sugar cane, sugar mill 65, 75 

— in Bohemia 75, 76, 92, 99, 106, 107, 
122 


sulphonation of indigo 65 
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sulphur 31, 66 
— production from pyrites 48 


supermaterials for rockets 67 

superphosphate as fertllizzer 97 

supraconductivity of nlobe and tin 
alloys 168 

surveying, see land surveying 

sweeps in mining 45 

switch, electric 118 

swivel axle, cart 41 

synchrotron 165 


synthesis, diene (in polymere 
production) 150 

— catalytic in plastics production 158 

— cold, nuclear 165 


system, factory work 70 
— three-plant 34 


system metric, decimal in Bohemia 113 
— fallow 31 

— metric, standard 80, 110 

— three-crop 34, 52 


table 22 


table of periodical chemical elements 
109, 110 


tachyscope 123 


take disc by Nipkow, television 121 
— stroboscopic 92 


talent of metal 23 
tallow for candles 30 
tank 70 


— Soviet 145 
— with caterpillar bands 144 


tanning of hides 14 
tar 57, 77 

Tatra, automobile 147 
taylorism 137 


Technical University in Prague 82, 83, 
99 


technique of writing and paper, 
see alphabet, beater, cellulose, clay 
tablets, fountain pen, hieroglyphs, 
ink, lead pen, mechanical! pulp, 
paper, paper mill stamp, paper press, 
papyrus, parchment, pencil, script, 
Stationary typewriter 

— machine, predecessors 38 

retouching 14 

computing, see analyzor, calculator, 

cybernetics, literature on cybernetics, 

machine multiplication, punch cards, 
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— sound, reproduction, 


see blattnerphone, gramophone, 
magnetic apparatus by Marconi-Stille, 
magnetic tape, microphone, 
phonograph, record, recording, 
sound recording, sound reproduction, 
stereophony, tape recorder, 
technology, chemical, origins 14 


technology in households, see baking 


oven, vell, bottle, central heating, 
centrifuge, centrifuge for laundry, 
chair, chest, cigarette, coal firing, 
cock, cooking, cork, cork screw, 
cosmetics, electric cooker, 
fire-kindling, fire place, fork, 
jewellery, kitchen mil}, kitchenware, 
knitting, ladle, leather, lift, lighter, 
linoleum, mangle, mat, matches, 
mattress, mirror, mirror casting, 
mortar, pin, press fasteners, pressing 
fron, pressure cooker, radiator, 
razor blade, refrigerator, scales, 
sewing machine, siphon sewer, soap, 
spheres, spoon, steam heating, stove, 
table, tar paper, thermometer, toilet, 
trimming objects, vessel, wardrobe, 
warming of food, washer for laundry, 
window, window glazing, wire gauze, 
zip 


technology 


Chinese 30 

chipping 12 

in early paleolithic period 13 
in neolithic period 18 
knocking 12 


mining of Krugné Hory (Saxon) 44, 
48 


mining in Bohemia 37 
mining, in Slovakia 59 


teeth ith holes 15 


raw-material 11 


telecommunication, see alphabet, antena, 


autoradio, belinograph, broadcasting, 
cable, circuit, coherer, coil, crystal 
detector, detector, diode, feedback, 
germanium, ikonoscope, 
Kenelly-Heaviside layer, microphone, 
Morse code, photography telegraphic, 
radar, radio broadcasting, 
radioenginnering, radiolaboratory, 
radiotelephony, radio transmission, 
radio transmitter, radio waves, 
semi-conductors, take disc, telegraph 
line, telegraphic image transmission, 
telephone, telephone exchange, 
telephone line, teleprinter, television, 
television broadcasting, television 


broadcasting, television camera, 
television screen, television 
transmission, television transmitter, 
transistors, triode, ultrashort waves, 
vacuum valve, valve grid 


telegraph, duplex 102 

— electric, origins 92, 94 

{mage transfer 145 

Morse 97 

needle 98 

optical 77 

torch-light 26 

trans-oceanic 100, 104, 108, 110 
wireless 122, 126, 130, 131 
wireless across the Atlantic 134, 140, 
148 

— wireless Murgash 138 


telephone, automatic lines 145 

— electric Bell 113, 114 

— electric, predecessors 106 

— long-distance 117 

— music transmission 114 

— telephone exchange 119 

— telephone exchange in Prague 124 


teleprinter 100, 103 


telescope 25, 50, 67 
— electron 154 
— Galileo’s 52 
— reflecting 53, 99 


television screen 13 


television, colour 150, 162, 166 

— design of wireless transmission 139 

— experimental trasmitter 150 

— predecessors 113, 115, 121, 128, 130, 
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